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The Education of a Scientific Generalist 


Hendrik Bode, Frederick Mosteller, John Tukey, and Charles Winsor 
Physical Research Department, Bell Telephone Laboratories, 


Department of Social Relations, Harvard University; 


Department of Mathematics, Princeton U niversity; and — 
Department of Biostatistics of the School of Hygiene and Public Health, 


The Johns Hopkins University 


ENCE and modern society have created a 

need for scientific generalists, for men trained 
in many fields of science. To educate such men effi- 
ciently would require modified courses and new ones. 
However, a good beginning can be made now with 
courses which are available in many colleges and 
universities. One such program is set forth here. 


Ts COMPLEXITIES OF MODERN SCI- 


GENERAL CONSIDERATIONS 


The central problem. Scientific and technological 
advances have made the world we live in complex 


} and hard to understand. We have today large scale 
| division of labor, complex and indirect methods of 


production and distribution, large communities and 
large areas held together by common channels of 
transport and communication, and operation with 
small margins of safety, requiring close and delicate 
control. All these complex and delicate activities 
produce scientific and technological problems of great 
difficulty. 

Science itself shows the same growing complexity. 
We often hear that “one man can no longer cover a 
broad enough field” and that “there is too much nar- 
row specialization.” And yet these complexities must 
be met—and resolved. At all levels, decisions must 
be made which involve consideration of more than a 
single field. 

These difficulties are most pressing in the borderline 
fields like physical chemistry, chemical physies, bio- 
physies, biochemistry, high polymers, and the ap- 
plication of chemistry, physics, and mathematics to 
medicine. It is here that both the challenge of the 
problems and the difficulties arising from over-spe- 
Cialization are greatest. We need a simpler, more 
unified approach to scientifie problems, we need men 
who ean practice science—not a particular science—in 
a word, we need scientific generalists. 

Research teams, aggregations of men of diverse 
skills working on the various aspects of single prob- 
lems, have been widely used and have accomplished 
much, Their use is certain to continue and expand. 


But the research team must have a leader to unify 
the group, whether he be director, coordinator, or 
advisor. This leader must work as a scientific gen- 
eralist, and we feel he would function better if trained 
with this in mind. 

There is a clear remedy for these complexities, both 
in education and in science, but its use will involve 
work and time. We must use the methods of deserip- 
tion and model-construection which, in the individual 
sciences, have made the partial syntheses we call 
organic chemistry, sensory psychology, and cultural 
anthropology. We must use these methods on the 
sciences collectively so that, eventually, one ean learn 
science, and not sciences. 

We suggest that an attempt to unify science may 
reasonably start from the following ideas: 

1. All science began as part of “natural philos- 
ophy” and radiated outward. (Even in this modern 
day, it should be possible to recapture the universalist 
spirit of the early natural philosophers.) 

2. Scientific method is common to all sciences. 
(The difficulty that almost all scientists have in defin- 
ing scientifie method does not lessen the importance 
of this fact.) 

3. Almost every science is more easily taught by 
using some of the equipment of the others. (This is 
generally admitted to be true for mathematies in 
physies, less generally for chemistry and physies in 
biology, to name two examples.) 

4. Statistics, as the doctrine of planning experi- 
ments and observations and of interpreting data, has 
a common relation to all sciences. 

5. Unification will be more easily attained if the 
logical framework of the individual sciences can be 
identified and isolated from their factual content. 

The isolation of the logical framework of the sci- 
ences is a long overdue first step toward a synthesis 
of science. What is the logical framework of organic 
chemistry? Or equivalently, what are the character- 
istie ways in which a good organic chemist thinks and 
works? There is no place where a student can learn 
this directly, no place where it is set forth clearly, 
freed of as many detailed facts as possible. A second 
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step ‘would be the development of courses within in- 
dividual sciences which really make use of the mate- 
rial and equipment from the other sciences. 

A synthesis unifying the sciences is, at best, a long 
and difficult task. It is a problem that will take time 
to solve and we do not have a facile answer to it. 
We shall consider ways in which potential scientific 
generalists might, as undergraduates, be given the 
kind of background that would enable them to develop 
into real scientific generalists. Ours is frankly only 
an interim proposal; it makes no real synthesis. Yet, 
since the student will go deeply into parts of many 
sciences, he will learn something of the habits of mind 
of the chemist, psychologist, and geologist. These 
habits, and not subject matter, are what distinguish 
the sciences—for how else can we distinguish the chem- 
ical physicist from the physical chemist, the mathe- 
matical biologist from the biomathematician! 


RELATION TO OTHER PROGRAMS 


Generalists and scientific generalists. By confining 
ourselves to scientific generalists, we do not intend to 
undervalue the need of true generalists, trained in all 
disciplines, science among them. Seience should be 
able to look to such true generalists for considered 
judgment about the fields where the greatest speed 
of development is needed, and then to the scientific 
generalist for help in attaining that speed. Acting 
alone, scientists are not competent to plan the training 
of the true generalists, so that, in spite of the great 
need of such men, it would be inappropriate for us 
here to attempt to lay out a program for their train- 
ing. Nonetheless, some aspects of the scientifie gen- 
eralist’s training bear on theirs. 

Liberal education. We do not believe that a satis- 
factory synthesis of the modern world can be achieved 
without incorporating within it science and the sci- 
entific method, which have had a major share in 
shaping that world, and are still foreing the pace of 
change. First, however, we must develop some satis- 
factory synthesis of science by itself, else how can we 
hope for the greater synthesis of a liberal education, 
in which science plays so large a part? 

Moreover, it seems clear that scientific methods of 
description and model-building are in many ways the 
most efficient intellectual techniques yet devised for 
covering a broad field quickly. Since any satisfactory 
program of liberal education involves covering an im- 
mense mass of material in a limited time, the most 
efficient techniques must be used. We lay stress in 
the generalist’s education upon these techniques, and 
in particular upon taking advantage of the efficiency 
to be gained by using in each science some of the 
equipment of other sciences. We feel that similar 


efficiency could be gained in history, philosophy, ayy 
the “nonscientific” fields by using these techniques 
We are not historians or philosophers. We can only 
say that we think historians and philosophers why 
ure also scientific generalists seem most likely to begin 
this task. 

Finally, we believe that while the scientific genera. 
ist’s education is not intended primarily as a gener) 
liberal education, it may be a temporary approxima. 
tion to one. The program we outline has room fo, 
enough nonscientifie courses to meet the going min. 
imum standards of a liberal education as well as the 
program for a scientific specialist does today. A true 
generalist would, of course, require a much broader 
program. In spite of this, a college graduate with 
an education based upon the generalist’s progray 
might well be a better lawyer, businessman, or teacher 
of high school science than one with a classie liber) 
education or one with specialized training in a single 
field. 

THE SCIENTIFIC GENERALIST 


What is he? By a generalist—and we shall not 
bother to specify every time that we mean scientific 
generalist—we mean a man with training and a work. 
ing sense in many fields of physical and_ biological 
science. His principal interests may be broad or 
sharply defined, but he is exceptional in his breadth 
of appreciation. He may be working in pure scienee, 
or in the application of science to engineering, busi. 
ness, or industry. He may not be as good a physicist 
as a student or research man who has been trained 
principally in physies, or as good a geneticist as the 
biologist who is trained in geneties, or as good ar 
economist or engineer or psychologist as a specialis! 
in those fields. But he has learned enough of these 
fields, and of the central tools of mathematics and 
statistics, to bring to problems of almost any kind the 
ideas and broad tools of any combination of thes 
many subjects that will speed and improve the work. 

We are interested here in the education of a gen- 
eralist during his four undergraduate years. These 
four years will not complete his education, any more 
than four years complete the education of a chemist, 
a psychelogist, or an economist. After these under- 
graduate years, the budding generalist will go on with 
further study, presumably in some special field. The 
aim of the four undergraduate years is to give hin 
u broad foundation and to open his mind to a wide 
range of scientifie fields. Eventually, perhaps, there 
will be graduate training as a generalist, but until 
that day comes, specialized graduate study must serve 

Who needs him? First, any research group needs 
a generalist, whether it is an institutional group in 4 
university or a foundation, or an industrial group 
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working directly on industrial problems. If the prob- 
ims are broad enough to require a group instead of a 
few isolated researchers, then there will be a place for 
, generalist. Many groups who now have generalists 
or near generalists do not recognize them as such, but 
think of them in terms of their specialties. 

In addition, any first-class administrator or policy- 
waker in fields related to science must be a generalist 
to a considerable degree, if only to foresee external 
influences which might rock the boat. For example, 
the production of plastics has radically affected almost 
all enterprises based on the manufacture of small 
intricate parts. A good administrator needs a gen- 
eralist’s background in appraising the possible effects 
of going research, estimating its time of fruition, and 
judging the date and intensity of its ultimate impact 
on his organization. 

What would he do? Many illustrations of the con- 
tributions a generalist can make to a research group 
can be drawn from the recent war. The ability to 
isolate eritical elements, to establish the essentials of 
the logieal framework, to reduce the problem to a 
few eritieal issues, is essential in handling problems 
of military engineering and operations analysis; it 
is also the ability that the scientist uses every day in 
his own work. The scientists who were able to 
carry over and apply their methods of thought to 
other fields were able to assist largely in the solution 
of military problems. By working as generalists 
these scientists distinguished themselves from the spe- 


| vialists, who found themselves baffled and uncom- 


fortable when confronted with unfamiliar and ill- 
defined issues. 

The problems of social engineering and economic 
engineering are similar to those of military engineer- 
ing in their need for immediate action, their con- 
fusing variety of aspects, the lack of definition of 
their issues, and, often, the lack of basie knowledge 
appropriate to their solution. It seems not too much 
to hope that scientifie generalists, amateur and pro- 
fessional, can do much toward developing these fields 
and solving many pressing problems. 

In an engineering group the generalist would nat- 
wrally be eoneerned with systems problems. These 
problems arise whenever parts are made into a bal- 
anced whole—balanced so as to serve an end effi- 
ciently. It may be weights that are balanced, or 
sizes, or complexities of eomponent pieces of mechan- 
ism, or expense, effort, or research time applied to 
different phases of the problem. 

In the social sciences, the generalist would provide 
background in physical science and in scientifie in- 
ference, and experience in the analysis of data and in 
use of mathematical methods and techniques, which 


together seem essential for that rapid development of 
social science which we all agree is now so urgently 
needed. The generalist would assist in the construc- 
tion, interpretation, and modification of mathematical 
models. He would examine previous findings from a 
fresh viewpoint. The generalist would be able to as- 
sist in the design of experiments—-still a fairly weak 
spot in most of the social sciences. Incidentally, he 
would assist in the development of statistics by dis- 
closing unsolved problems. 

In biological and medical science he would provide 
efficient interpretation of data and design of experi- 
ment, and—what is most important—would suggest 
physical explanations or mathematical models for 
known or conjectured facts. The need of such useful 
and stimulating people is probably better recognized 
in this field than in any other that we know. 

And finally, a student equipped with the under- 
graduate training of a generalist would have an ideal 
start toward becoming a consulting statistician, who 
must work with others on problems in many fields of 


science and technology. With this foundation, a grad- 


uate training in mathematical and theoretical sta- 
tisties would produce the best beginning of a consult- 
ing statistician that we can plan today. 

What is his background? Most of the small num- 
ber of generalists that any institution might train 
during a year are, we think, going to have the fol- 
lowing characteristics: They will be planning, defi- 
nitely or tentatively, to go on to graduate study in 
some field. They will have interest and skill in sei- 
ence, fairly general and unspecialized. They will 
have met and mastered competition in high school (or 
preparatory school) and will have the self-confidence 
to attempt an unusual and challenging course in col- 
lege. They will want to learn, and will be prepared 
to work hard. After a broad introduction to science, 
and after they have learned what the various fields 
of science are really like, and how the practitioners 
of these fields think and work, they will be able to 
make an intelligent choice between (1) some single 
field of seience, (2) some borderline field between 
two or three sciences, and (3) the profession of being 
a generalist. 

EDUCATING THE GENERALIST NOW 

Principles. There are certain principles that must 
govern any plan for educating a generalist—an in- 
terim plan using present-day courses or the efficient 
plan of the distant future. Some of these principles 
are general and will offend no one; others are specific 
and will bother some administrators and some sci- 
entists. Let us list three: 

1. The pregeneralist must study many fields of sci- 
ence deeply enough to understand their logical frame- 
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work and the approaches of their practitioners. 

2. With the possible exception of a few tool sub- 
jects, the interest of the pregeneralist in factual in- 
formation is definitely secondary. 

3. Skipping prerequisites is to be encouraged. 

The idea of skipping prerequisites may seem 
strange and shocking, but the-generalist as such will 
always be working on problems for which he has not 
had the normal training. He needs to learn to work 
well under these adverse circumstances during his col- 
lege years if he is to prepare for his job realistically. 
Such flexibility will make administrative complica- 
tions, and will produce temporary discomfort for 
many instructors. 


Program. We now give an illustrative program, 
which is specific enough about individual courses to 
make these principles explicit : 


ASSIGNMENT OF 40 SEMESTER COURSES 


Geology ......... 1 Industrial processes ... 1* 


*If these special courses are not available, the time 
freed is to be applied to independent work or to dis- 
tribution. 

SuMMER WorRK 

Ist: Summer surveying course listed above. 

2nd: Completion of the language requirement of a broad 

reading knowledge in two important scientific lan- 

guages (if possible by foreign study this summer). 

Work on a research or development project involv- 

ing real engineering problems. 


8rd: 


INDEPENDENT WORK 
Junior Year: Topic involving economic considerations, 
Senior Year: Topic involving at least two fields and 
preferably three. 


This program is a definite overload, since it com- 
bines 40 semester courses with independent work. 
But the pregeneralist must be an unusual student, 
building on high precollege attainment. Any student 
who does not understand what he has studied will be 
useless as a generalist, and will have achieved a 
“smattering of ignorance.” Since most schools allow 
students to limp along with low grades, the pregen- 
eralist’s standing must be a full grade higher than 
that required in other programs. 

Besides carrying out his formal program, the pre- 
generalist should meet regularly with sympathetic and 
active graduate students and faculty members, for 
lunch, perhaps, or to drink beer. 

The regular courses. We take first the bulk of the 
program, reserving the special courses in English, 
industrial processes, and judging for a separate dis- 
cussion. 

The “distribution” courses will have real value for 
the generalist. History, philosophy, economics, the 


humanities, and the social sciences come here, yy), 
educators might emphasize the need for a course jy, 
social change and cultural lag, others would put th 
emphasis elsewhere. We cannot plan these distriby, 
tion courses now; their planning should involve 4) 
departments, and should probably not be too rigid, 

Next come the courses in various fields of scieng. 
While specific courses are stated, it is always permis. 
sible to replace any course by a more advanced coury 
in the same field. 

In biology, where we include paleontology, paleo. 
botany, physiological psychology, and the like, ther 
are to be four courses. What shall they be? We & 
not feel prepared to make really detailed suggestions, 
and can only point out that it is essential that not all 
of the courses be at the elementary or near elementary 
level. It has been suggested by one of our friend 
(K. W. Cooper) that if four semesters of work iy 
biology were to be given to such students, the mos 
desirable plan might be: (1) cellular biology or gen. 
eral physiology (from the viewpoint of transfer o! 
energy, intermediary metabolism, physiology), (2) 
comparative anatomy (from the developmental an( 
truly comparative point of view), (3) the problem 
of genetics (persistence and change of hereditary pat- 
terns), and (4) evolution and the evolutionary record, 
If such a program were available at any institution, 
we would gladly recommend it as one good set of four 
courses for the training of a generalist. 

The four or five courses in chemistry we propose 
must give the future generalist a bird’s-eye view of 1 
broad field. Hence, we advocate a large amount oi 
skipping around: one or two semester courses in ele. 
mentary chemistry, one semester in organic chemistry, 
one semester in physical chemistry, and one semester 
or none in an advanced elective. To the chemist, the 
idea of taking one semester of organic chemistry an( 
then jumping to one semester of physical chemistry 
may seem strange, wild, and unwarranted. But the 
student generalist wishes to learn how a chemis! 
thinks, how problems are approached, and in whal 
general direction he may learn. things once they seew 
necessary or useful in a particular problem. One 
semester of organic chemistry (whatever classes 0! 
compounds are discussed) and one semester of physi- 
cal chemistry (whatever branches are included) wil 
do much to orient him and give him a basis on whic) 
he can build later as needed. He will know enoug! 
physies and mathematics to learn physical chemistry. 

Only one course is listed in the field of geology, since 
paleontology, paleobotany, and the like were included 
under biology. Just which course is to be taken cal 
safely be left to the choice of the student. 

In mathematics there are standard courses avail- 
able: four semester courses or less in elementary 
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mathematics through calculus and differential equa- 


tions, one semester in complex variables, and one or 
more semesters of advanced electives. These courses 
gem to need little comment. 

In physies (where we include astronomy) the situa- 
“ion is also simple, for the courses which should be 
taken are available at most institutions. Here we 
suggest: two semester courses in elementary physics, 
one or two semesters in electricity (cireuits and 
waves), One semester in physical measurements, and 
one or two semesters of advanced electives. We feel 
that a knowledge of electrical circuits and the asso- 
ciated knowledge of the uses and behavior of electron 
tubes would be an essential tool for a generalist in 
almost all the fields that interested him. The other 
courses seem to us to require little explanation. 

Two courses are proposed in psychology: one 
semester course in experimental psychology, and one 
in systematic psychology. Experimental psychology 
will include laboratory work. Systematic psychology 
will be a study of psychological problems and theories, 
with some emphasis on methodology and classic ex- 
periments. It will provide a theoretical interpreta- 
tion for the experimental course. Here the essentials 
sem to be (1) learning how the psychologist ap- 
proaches his problems, and (2) acquiring an appre- 
ciation of the complications and difficulties which the 
human observer always introduces into any experi- 
ment or study. 

In statistics we propose four semester courses, 
which ean probably be found at a few institutions 
where the training in statistics has been well organ- 
ized and developed: one or two semester courses in 
elementary mathematical statistics, one semester in 
design and analysis of experiment with practical 
work, and one or two semesters in advanced mathe- 
matical statistics, including multivariate methods and 
the use of order statistics. Because statisties is one 
of the main tools for applying the quantitative method 
to any field of science, we feel that four semester 
courses are by no means too many. We feel that 
statisties is a distinet field, rather than a branch of 
mathematies under a new name. 

English has been allotted two semester courses in 
composition. These should be, primarily, courses in 
exposition. We should prefer to have one a freshman 
course in “How to Say What You Mean,” orally and 
in writing. The other should be a junior or senior 
course in writing technical reports, papers, and exposi- 
tory accounts, with emphasis on getting the results 
and essential spirit aeross to nontechnical readers. 

The proposed inclusion of a course in surveying in 
this curriculum has led to considerable diseussion, and 
it seems worth while to make very clear what values 


we hope might be obtained from it, particularly if it 
were taken just before the beginning of the fresb- 
man year. It would provide students with experience 
in physical measurements for which there are checks 
(the traverse must “close”), and give them opportu- 
nity to observe the customary processes of handling 
data. It is not essential that the student become a 
good surveyor, but it is very much to his advantage to 
learn to recognize a man who is good with tools, and 
good at measuring. 

The special courses. There are two courses that 
we think should be added to present offerings in order 
to improve the interim training of the generalist. The 
first could be given tomorrow at many institutions. 
The other, here somewhat obscurely entitled “judg- 
ing,” would be very difficult for anyone to teach. 

The course in industrial and shop processes should 
summarize how things are actually made. It could 
be entirely descriptive, since it is to train generalists, 
not engineers, and therefore one semester would suf- 
fice. It should, for example, describe forging and 
milling, the funetion of a turzet lathe, the kinds of 
heat treating used and their effects, what an industrial 
still looks like, and how it operates—in other words, 
teach him the unit operations of mechanical, electrical, 
and chemical engineering. The generalist needs some 
knowledge of how materials are manipulated. 

Somewhere in the curriculum, probably in the 
senior year, there should be a course in judging, 
guessing, and the scientific method. This course is 
needed not only by the generalist, but by many other 
scientists. We have no way now to encourage or re- 
quire a man to bring his education and intelligence 
to bear on estimation and prediction problems for 
which he has inadequate information. As a result, 
scientists often become stuffy and narrow in their 
views. To meet this need, we propose a course in 
educated, intelligent guessing. It would be prin- 
cipally a laboratory course, in which essentially im- 
possible problems were: put to the student, who would 
be required to supply answers and estimates of their 
trustworthiness, on the basis of the inadequate data 
given plus what he knows about the world. The 
time limits for these answers would vary. Some 
problems would be done by individuals; others by 
groups. There would be discussion periods after 
solutions were submitted. The main difficulty with 
this course would be finding an instructor equipped 
to teach it. 

None of these four special courses is essential to the 
training of a generalist, but all of them would be ex- 
tremely helpful. We believe their value to other stu- 
dents as well as to generalists would make them worth 
adding to the offerings of most colleges. 
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Another generally useful course which we would 
place next in importance for the pregeneralist is one 
in “intellectual techniques.” This should supply the 
student with tools which would help him to ingest and 
digest a large amount of material in a limited time. 
It should include rapid and effective reading, quick 
ways of using a library, and what is known about 
efficient methods of study and learning. Such a 
course should come in the freshman year if possible. 
Some of us feel that introductory psychology is a 
good facsimile, others feel that it does not concentrate 
enough on the tool aspect to meet the need. 

Installing the program. Before any new program 
ean be introduced into an American college or uni- 
versity without objection it must be shown to fill 
certain needs. For the next decade colleges will ask: 
Does this program meet the distribution require- 
ments? Does this program fit into the scheme of de- 
partmental concentration or majoring? 

Distribution requirements vary from institution to 
institution, and are in the process of changing at 
many institutions. We have compared the proposed 
program with the distribution requirements at Har- 
vard and at Princeton, since we are most familiar 
with these universities. There the distribution re- 
quirements would easily be met. It seems reasonable 
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to conclude that this program would be consistey; 
with the distribution requirements of a substantia) 
number of institutions. 

Next, there must be a home for the pregeneralis, 
Some department must be prepared to accept his 
widely distributed work as concentration in that de. 
partment. Ora new interdepartmental program mug 
be set up! Fnding a home may be difficult. 

There will be difficulty with individual scientific de. 
partments wherever such a program is proposed ; each 
such department has a natural desire to have these 
very good students concentrate in its department. 

Finally, there will be objections from administra. 
tors about any program requiring students to take 
courses without the usual prerequisites. 

These difficulties of installation, however, are merely 
details, and such a program ean be started. 


The point of view we have tried to expound might 
be summarized thus: Science is complex; yet it musi 
become manageable. It can be managed better with 
the help of a few scientists with training in many 
sciences. A few such scientifie generalists can be 
trained tomorrow with the courses at hand. To make 
science more manageable, we must perform a new and 
difficult synthesis on « higher level of organization. 


Photoproduction of Molecular Hydrogen by 


Rhodospirillum rubrum 


Howard Gest! and Martin D. Kamen 


Mallinckrodt Institute of Radiology and Department of Chemistry, Washington University 


HE PHOTOSYNTHETIC, nonsulfur purple 
bacterium, Rhodospirillum rubrum (strain SI)? 
will grow anaerobically upon illumination in 
a synthetic medium consisting of pure organic sub- 
strates, mineral salts including ammonium chloride, 
and a trace of biotin (3). The organic substrate 
ean be any of a large variety of compounds. Sub- 
strates more oxidized than carbohydrate are decom- 
posed with a net production of CO, during growth. 


1 Predoctoral fellow of the American Cancer Society, rec- 
ommended by the Committee on Growth of the National Re- 
search Council, 1947-1949. Present address, Department of 
Microbiology, Western Reserve University Medical School, 
Cleveland, Ohio. 

2 Original culture obtained through the courtesy of Prof. 
Cc. B. van Niel, Hopkins Marine Station, Pacific Grove, Cali- 
fornia. 

?Hutner studied growth under aerobic conditions only. 
However, it appears that anaerobic growth requirements are 
similar. 


Aside from CO, and cell material, no other products 
have been observed in appreciable quantity. How- 
ever, R. rubrum grown photosynthetically on certain 
oxidized substrates, with glutamate or aspartate in- 
stead of ammonia as a nitrogen source, exhibits in 
addition to CO, evolution a vigorous production of 
hydrogen. 

In a preliminary survey, the only compounds s0 
far found to be effective in evoking hydrogen pro- 
duction in growing cultures are malic, fumarie, and 
succinie acids. Of several dozen substrates tested at 
pH 6.6 with resting cells derived from hydrogen-pro- 
ducing cultures, only malic, fumaric, oxaloacetic, and 
pyruvie acids are effective. The magnitude of the 
hydrogen evolution from malice acid is of the order 
of one mole per mole of added substrate. Succinic 
acid has been tested with resting cells using pH values 
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varying from 5.7 to 8 because of the discrepancy in 
response of resting cells and of growing cells to this 
substance. Although extensive CO, evolution is ob- 
erved over most of this range, no H, evolution is 
noted with succinie acid as substrate. This point is 
investigated further. 
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Fig. 1. Photochemical production of H, by Rhodo- 
spirillum rubrum (SI): 50 mm* of washed cells was sus- 
pended in 2 nil M/20 phosphate buffer (pH 6.6) and 5 mg of 
p,L-malate was tipped in at zero time. The center well con- 
tained 0.2 ml of 10% KOH; the gas space was filled with 
100% helium. 


When the gas phase in resting cell experiments is 
helium, argon, or hydrogen, a vigorous photoproduc- 
tion of moleeular H, is observed. A typical experi- 
went is shown in Fig. 1, which demonstrates the re- 
sults obtained with conditions as noted in the legend. 
In the presence of nitrogen there is no evolution of 
H,. The possibility that a slight oxygen contamina- 
tion of the nitrogen is responsible for the inhibition 
has been eliminated in three ways. First, a gas mix- 
ture consisting of 1 percent oxygen plus 99 percent 
helium fails to repress H, production. Second, 
nitrogen completely freed of oxygen (99.99 percent 
NX.) inhibits H, evolution. Third, a mixture of pure 
nitrogen (0.1. atmosphere) and helium (0.9 atmos- 
phere) inhibits H, production. In addition it has 
been found that ammonia abolishes H, production 
under helium or hydrogen. Thus H, production is 
not observed if ammonium salts or molecular nitrogen 
are present. This effect of ammonia brings to mind 
nitrogen-fixing organisms, in which combined nitrogen 
inhibits production and activity of hydrogenase (4). 
The possibility exists that there may also be a hitherto 
unsuspeeted nitrogenase system in R. rubrum. This 
is now being investigated, using molecular nitrogen 
lubeled isotopically. 


The production of hydrogen during normal photo- 
synthesis by either growing or resting cells of R. 
rubrum is unusual in that there is always present a 
large amount of CO, which can be reduced with 
hydrogen photochemically by these organisms, as can 
be demonstrated with resting cells. ; 

Hydrogen evolution is dependent on exogenous sub- 
strate, is not inhibited at high light intensity, and 
does not require a prolonged adaptation period. 
Thus, photoproduction of hydrogen by R. rubrum 
differs from the only instance of photoproduction of 
hydrogen reported previously. Gaffron and Rubin 
(2) observed that in the green alga, Scenedesmus, an 
endogenous produetion of hydrogen of low magnitude 
oceurred at low light intensity after long anaerobic 
incubation of these ordinarily aerobie organisms in 
the absence of CO,, or in the presence of CO, when 
dinitrophenol was added. There is also to be re- 
marked as a point of difference the unexpected effect 
of molecular nitrogen in inhibiting the H, evolution 
noted in R. rubrum. 

Attempts to link hydrogen evolution to a formie 
hydrogenlyase system have failed. Growth in the 
presence of formate produces organisms which will 
evolve hydrogen in the dark with formate as substrate 
and with N, as the gas phase. However, no photo- 
production of H, has been observed with formate. It 
may be recalled that fermentative production of H, 
by microorganisms is ordinarily inhibited by H, (1), 
whereas this is not the case with R. rubrum. 

The data at hand do not permit of a decision as 
to the source of the photohydrogen. As a working 
hypothesis, it may be assumed that the substrate 
employed is the source, on the basis of the substrate 
specificity observed. The possibility of testing this 
hypothesis using labeled hydrogen is remote but is 
being considered. 

In conclusion, it appears that Rhodospirillum rub- 
rum under the influence of light and in the presence 
of a single organic substrate can liberate hydrogen 
as a photosynthetic product. This hydrogen evolu- 
tion is linked to nitrogen metabolism and perhaps 
even to a nitrogenase system. It is hoped that fur- 
ther work now in progress with labeled nitrogen, 
hydrogen, and carbon will clarify the mechanisms 
involved in this production of molecular hydrogen 
during hydrogen transfer in photosynthesis. 


References 
1. Carpon, B. P. and Barker, H. A. Arch. Biochem., 1947, 
12, 165. 
2. Garrron, H. and Rusin, J. J. gen. Physiol., 1942, 26. 
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Evidence for a Nitrogenase System in the 
Photosynthetic Bacterium Rhodospirillum rubrum 


Martin D. Kamen and Howard Gest? 


Mallinckrodt Institute of Rad/ology and Department of Chemistry, 


Washington Univers.ty 


T HAS BEEN DEMONSTRATED that the non- 
sulfur purple bacterium, Rhodospirillum rubrum 
(strain SI) will produce molecular hydrogen as a 

major photosynthetic product during illumination in 
certain media (1). This phenomenon does not occur 
when nitrogen is present either in the elementary form 
or as ammonium ion (1). These observations suggest 
the existence in these organisms of a nitrogenase or 
nitrogen-fixing system, hitherto unsuspected. 
Evidence has been obtained using molecular nitrogen 
labeled isotopically with N*® which appears to pro- 
vide unequivocal support for the existence of a light- 
stimulated nitrogenase system in Rhodospirillum. In 
one set of experiments, 3-day-old H,-producing organ- 
isms were harvested by centrifugation, washed twice 
with m/20 phosphate buffer (pH 7.2) and suspended 
in a neutral medium containing MgSO,, phosphate 
buffer, trace elements, biotin and D,L-malie acid. The 
bacterial suspension was divided into three 10-ml 
portions. Two portions were placed in 75-ce War- 
burg vessels on a vacuum line. The third portion was 
boiled and the dead organisms so obtained were placed 
in the third vessel on the vacuum line to provide a 
control. After evacuating and flushing the vessels 
and vacuum system several times with helium, the 
vessels were filled to 0.1 atmosphere with labeled 
N, (30% N**) and 0.9 atmosphere helium. The 
nitrogen was generated from Eastman Kodak NH,NO, 
(30% N** in the NH, group) with alkaline NaOBr 
and freed of all combined labeled nitrogen (NH, or 
N oxides) by passage through two liquid air traps. 
Control experiments revealed no detectable NH, in 


1 Predoctoral fellow of the American Cancer Society, rec- 
ommended by the Committee on Growth of the National Re- 
search Council, 1947-1949. Present address, Department of 
Microbiology, Western Reserve University Medical School, 
Cleveland, Ohio. 


the elementary nitrogen (< 2 x 10-* mg NH, in a total 
of 6 mg as N,). One vessel was illuminated, one was 
kept in the dark. After 6 days, the organisms were 
separated, and total Kjeldahl nitrogens obtained. 
These were analyzed for N* content.2 The organ- 
isms maintained in the light showed an N* eontent 
in total cellular nitrogen of 3.14 atom percent excess; 
those in the dark, 0.189 atom percent excess; and the 
boiled controls 0.008 atom percent excess. In another 
set of experiments almost identical results were ob- 
tained with the additional observation that smal! 
amounts of ammonia (0.5 mg NH,Cl/ml) inhibited 
N*5 uptake from the labeled molecular nitrogen. 

These observations appear to be the first reported 
in which there have been demonstrated (1) a nitro- 
genase system in photosynthetic bacteria, (2) a spe- 
cifie effect of molecular nitrogen on hydregenase ac- 
tivity, and (3) a stimulating effect of light on turn- 
over of molecular nitrogen. These observations have 
been confirmed in the laboratories of R. H. Burris and 
P. W. Wilson at the University of Wisconsin. We 
wish to express our appreciation for their whole- 
hearted cooperation. 

It has been ascertained that the N® uptake observed 
is the result of a net fixation of nitrogen. An illu- 
minated suspension of R. rubrum maintained for 30) 
days in an atmosphere of molecular nitrogen and 
hydrogen and in a medium devoid of all combined 
nitrogen except for a minimal quantity of yeast ex- 
tract has shown a seven-fold increase in cellular nitro- 
gen gained at the expense of molecular nitrogen. 


Reference 
1 Gest, H. and Kamen, M.D, Science, 1949, 109, 558. 
2 We are indebted to Prof. D. Rittenberg and Mr. I. Sucher, 


Columbia University, and to Dr. Mildred Cohn, of Washington 
University, for the N% analyses. 
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A Microorganism Exhibiting a Growth Requirement 


for Peptides’ 


Sofia Simmonds and Joseph S. Fruton, Yale University 


N SEVERAL RECENT PUBLICATIONS (2, 3, 
4), data have been presented concerning the rela- 
tive growth-promoting action of amino acids and 

peptides for appropriate mutant strains of Escherichia 
coli. In the ease of one mutant, a prolineless strain, 
better growth was obtained in a medium containing 
t-proline peptides than in a medium containing an 
equimolar concentration of L-proline (3). While this 
enhanced growth-promoting activity of the proline 


proteins, perhaps by “transpeptidation” reactions. 
Whatever the correet explanation turns out to be in 
the case of the prolineless mutant, it may be expected 
that the closer study of this and other bacterial strains 
that exhibit characteristic growth requirements for 
peptides of well-defined structure will throw valuable 
light on the metabolism of peptides in living systems. 

In the present communication, the authors wish to 
report preliminary studies on a microorganism whieh, 


TABLE 1 


Growts RESVONSE OF BACTERIAL STRAIN SF 


Growth* in saline 


Test compound 


Growth* in saline-glucose 


48hr 72 hr 96 hr 4S8hr 72 hr 96 hr 
0.009 0.020 0.026 0.032 0.027 0.018 
u-Leucylglycine .........es-. 0.085 0.122 0.146 0.069 0.127 0.130 
u-Leucine + glycine ......... — — 
p-Leucylglycine ............ 0.004 0.004 0.004 a 0.002 0.006 
u-Leucylglycylglycine ....... 0.032 0.071 0.131 
.-Leucylglycine + glycine .... — — 
Glycyl-u-leucine ............ — — 0.002 0.018 0.023 0.027 
Glyeyl-L-leucine + glycine .... _ 
.-Phenylalanylglycine ....... 
t-Phenylalanine ...........-. — 0.017 0.021 0.015 
t-Phenylalanine + glycine ... — 
t-Glutamie acid} ........... 0.052 0.067 0.072 0.029 0.039 0.044 
0.148 0.213 0.228 0.110 0.098 0.069 


NH Cit + glycime ........... 


* The extent of bacterial growth is recorded as the optical density of the culture, where density = 2 — log galvanometer 


reading. A dash indicates the absence of measurable growth. 


+ Neutralized with NaOH before use. 


peptides may be due to their direct incorporation into 
the baeterial proteins, other possible explanations can- 
not be excluded. Thus, it may be that, in the course 
of the bacterial growth, a portion of the free proline 
is converted to products that are not growth factors 
for the mutant, and that this conversion is prevented 
by the linkage of the proline residue in a peptide. 
Also, the possibility must be considered that the pres- 
ence of proline in peptide linkage aids more directly 
in the incorporation of this amino acid in the bacterial 


1This study was aided by a grant from the Rockefeller 
foundation. 


under specific experimental conditions, grows in the 
presence of the dipeptide L-leucylglycine, but does not 
grow in the presence of a mixture of L-leucine and 
glycine, and grows only poorly in the presence of 
L-leucine. This microorganism was obtained from an 
unsterilized solution of L-leucylglycine in 0.9-percent 
NaCl which had been kept at room temperature for 
several weeks.2, When a loopful of the turbid dipep- 
tide solution was plated out on nutrient agar, only a 


2The authors wish to express their thanks to Dr. Henry 
D. Hoberman, in whose laboratory the peptide solution was 
kept, and who kindly called our attention to the bacterial 
growth in the solution. 
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single type of colony appeared after 24 hours at 30°. 
A subeulture of one of these colonies served as the 
source of the organisms used in the tests reported 
below. For convenience, the isolated bacterial strain 
will be termed “SF.” 

Examination of the isolate showed it to be a short, 
nonmotile rod which is Gram-negative and occurs 
singly or in pairs in Gram-stained preparations.’ In 
nutrient broth containing glucose, lactose, or sucrose, 
it does not cause the formation of acid or gas; after 3 
days, such test solutions have a pH of 8 or higher. It 
turns litmus milk alkaline and liquefies gelatin. The 
organism has been tentatively classified, therefore, as 
a member of the genus Alcaligenes. 

The ability of strain SF to grow in saline solutions 
containing a variety of amino acids or peptides is 
shown in Table 1. In performing the tests, Evelyn 
colorimeter tubes, containing 8 ce of the test medium, 
were incubated at 30°, and the extent of bacterial 
growth was measured at intervals in an Evelyn color- 
imeter with filter No. 540. As is indicated in the 
table, one series of tests was conducted in the pres- 
ence of amino acids or peptides as the sole source of 
earbon and nitrogen in the medium, while in a second 
series glucose was added as an additional potential 
source of carbon. When 0.9-percent NaCl alone was 
used as the medium, the concentration of each test 
substance was 0.1 M; when saline was supplemented 
with glucose (0.17 m), the concentration of the test 
substances was lowered to 0.05 m. The inocula for 
the tests consisted of a drop of an aqueous suspension 
of cells taken from a peptone-yeast extract-agar slant 
which had been incubated for 24 hours at 30°. Under 
these conditions, visible growth was not evident until 
24 hours after inoculation, and significant readings 
with the Evelyn colorimeter were not obtained until 
36-48 hours after inoculation. 

The data in Table 1 show that strain SF grew 
equally well when L-leucylglycine was present in the 
medium in combination with glucose or when the 
peptide represented the sole carbon source for growth. 
No growth was noted when L-leucine and glycine were 
present, and the presence of L-leucine promoted the 
growth only slightly. It was observed that, in every 
case in which it was tested, glycine exerted an inhibi- 


2The authors are indebted to Dr. C. F. Robinow for his 
valuable advice in the characterization of the bacterial strain. 


1. Gray, C. H. and Tatum, E. L.. 
30, 404. 


2. SrimMmonps, 


Proc. nat, Acad. Sc., 1944, 


J. biol. Chem., 1948, 174, 717. 


tory effect upon the growth of strain SF. It wou, 
appear, however, that glycine is not bactericidal, sing 
the same number of viable cells could be recovered. 
after 5 days’ incubation, from a medium containing 
glycine as from a medium containing DL-leucine, jy 
neither of which was there any visible growth. The 
complete failure of strain SF to grow in the presenw 
of pL-leucine suggests that the D-isomer may act as , 
growth inhibitor. It is also of interest that, with 
b-leucylglycine, there was noted only slight growth, 
which may be due to the presence of a small amount 
of the L-form of the peptide in the commercial prepa. 
ration used for these experiments. 

L-Leueylglyeylglycine produced a growth respons 
similar to that noted with L-leueylglycine. Glyeyl-1. 
leucine and acetyl-L-leucine, however, showed little, if 
any, growth-promoting activity. It would appear, 
therefore, that significant growth of strain SF in the 
presence of leucine peptides is favored only when the 
L-leucine residue is present at the amino end of an 
unsubstituted peptide. When the t leucine residue in 
L-leucylglycine was replaced by that of L-phenylal- 
anine or of glycine, the resulting L-phenylalanylgly- 
cine or glycylglycine was inactive in promoting bae- 
terial growth. Although further studies of the spe- 
cificity of the peptide requirements of strain SF are 
necessary, it may be concluded from the above results 
that the presence in the medium of a dipeptide per se 
does not satisfy the growth requirement. 

The data in Table 1 show that the organism does 
not have a specific requirement for leucy] peptides 
sinee L-alanine and L-glutamie acid permitted fair 
growth and L-valine served as a better growth factor 
than even L-leucylglycine. On the other hand, L-as- 
paragine did not promote bacterial growth, and a 
medium containing NaCl, NH,Cl, and glucose gave 
only a slight growth response. However, other tests 
in which the basal medium usually employed by us 
for Escherichia coli (i.e., a mixture of inorganic salts, 
including NH,Cl and NH,NO,, glucose, and a small 
amount of asparagine (7) was used, showed that 
strain SF is capable of growth when glucose is the 
source of carbon, and ammonia and nitrate are the 
principal sources of nitrogen. The addition of °.1 
mM of glycine per ce of this medium completely »- 
hibited the growth of strain SF, while a concentration 
of 0.001 mM glveine retarded growth appreciably. 


References 
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PAPERS 


Suppression of Gastric Acidity with 
Beta Particles of 


Norman Simon!:* 


Department of Physics and Department of Radiotherapy, 
The Mount Sinai Hospital, New York City 


Irradiation of the gastric mucosa by X-rays or gamma 
rays of radium has suppressed gastric acidity (2, 3). 
Such irradiation penetrates and affects not only the 
gastric mucosa, but also adjacent organs. The liver and 
small intestine are more sensitive than the gastric mucosa 
to radiation (1), and damage to these adjacent organs 
may occur if large doses of X-rays or gamma rays are 
directed to the stomach. 

To suppress acidity, it would therefore seem more suit- 
able to restrict radiation to the gastric mucosa. This is 
accomplished by the topical application to the mucosa 
of a radiation source emitting rays which are absorbed 
almost completely by the stomach. A suitable source is 
the radioactive isotope of phosphorus, atomic weight 32, 
for this isotope emits beta particles whose maximum 
range in tissue is about 8 mm. An applicator was de- 
vised to apply P® topically to the mucosal lining of 
Heidenhain stomach pouches in dogs. 

The applicator was a thin rubber bag inflated to a 
volume of 50 ce with air, sprayed with rubber cement, 
and covered with floes of short cotton fibers, so that the 
covering resembled a smooth coat of felt. The inflated 
balloon was dipped into a solution containing P® and 
allowed to dry. By a series of these dippings and dry- 
ings as much as 25 me of P™ was adsorbed uniformly on 
the floceulate surface of the balloon. The balloon was 
then deflated, covered by a rubber condom, inserted into 
the Heidenhain pouch, and reinflated with air to its origi- 
nal volume of 50 ce. The condom covering the balloon 
prevented loss of P* from the felt-like surface and only 
adsorbed 4% of the beta activity. 

A series of control observations were made on the 
secretion of Heidenhain pouches with histamine as a 
stimulus. Then the pouches were irradiated. 

After exposure to this beta radiation for periods of 
2-6 hr the balloon was deflated and withdrawn. Sub- 
sequently, acid secretion tests were again made with the 
same stimulus of histamine used in control secretion ob- 
servations, The pouch mucosa was observed by cysto- 
scope, and multiple punch biopsies of the mucosa were 
made in some of the animals at frequent intervals. 

The maximum thickness of the mucosa of these Heiden- 
hain pouches is about 4 mm, and the average thickness 


'Dazian Fellow in Radiology. 

*The author gratefully acknowledges the assistance and 
cooperation of Franklin Hollander, Head, Gastroenterology 
Research Laboratory of the Mount Sinai Hospital. 


is about 3 mm. At a depth of 3 mm the dose is about 
25% of the dose in the first mm of mucosa. The thick- 
ness of the whole pouch wall is about 7-8 mm, at which 
depth the dose has decreased to less than 2% of the dose 
to the first mm of mucosa. Preliminary histological ex- 
amination of a post-mortem specimen indicates that there 
is no discernible change in the serosa of the poneh when 
the mucosa has been heavily irradiated. 
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DAYS AFTER RADIATION 
Fie. 1. 


Radiation was followed after a few days by a de- 
crease in total secretion as well as a decrease in quantity 
and concentration of HCl in the pouches of all five dogs 
studied. Two of these five dogs had anacid pouches, and 
the other three were hypoacid. Intubation of the stom- 
ach during the course of these secretion tests with his- 
tamine stimuli showed that the secretion of the true stom- 
ach had a pH of 1.0 at the same time the pouch secretion 
had a pH of 7.0. 

Fig. 1 shows the change in pouch acid secretion after 
radiation. All radiation exposures yielded doses in the 
magnitude of 20,000 to 25,000 equivalent roentgens to 
the first mm of tissue except for the preliminary radia- 
tion on George (lowest graph in Fig. 1). 

The heavy vertical bars in this instance represent 
respectively 1,800, 12,000 and 25,000 equivalent roent- 
gens in the first mm of mucosa. Although the decrease 
in acidity with the lower doses was not apparent, the 
higher doses invariably decreased pouch acidity. Al 
other vertical heavy bars in Fig. 1 represent radiation 
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exposure of 20,000 to 25,000 equivalent roentgens to the 
first mm of tissue. A few weeks after radiation, the 
quantity of acid secreted had decreased to levels ranging 
from anacidity to 10% of the quantity secreted before 
radiation. The longest period of observation after radi- 
ation in any animal was 125 days. 

There were no changes in blood count, weight, or gen- 
eral condition of the animals which could be attributed 
to the radiation. 

In summary, the gastric mucosa of Heidenhain pouches 
of five dogs was irradiated with beta particles of P®, 
with a resultant marked decrease in the quantity of acid 
in the pouch secretion. 

If similar techniques in humans are contemplated it is 
important to note that the dog Hepi had return of acidity 
in its Heidenhain pouch 3 months after irradiation. 
When the animal was sacrificed two weeks later, autopsy 
showed an ulcer of the pouch mucosa at the site of previ- 
ous biopsy. 
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8-Glucuronidase Activity 


L. D. Odell, J. Burt, and R. Bethea 


Department of Obstetrics and Gynecology, The University 
_ of Chicago and The Chicago Lying-In Hospital 


During the past few months, a method has evolved 
which gives promise as a diagnostic aid in female genital 
carcinoma. Fishman (7) first reported an increased ac- 
tivity of the enzyme §-glucuronidase in carcinoma tissue 
(breast, esophagus, stomach, and colon). Subsequently 
(2), results from ether malignant tissues were added to 
his series. The possibility of measuring the tissue ac- 
tivity of B-glucuronidase from the more accessible pelvic 
malignancies (vulva, vagina, and cervix’) as a diagnostic 
aid is self-evident. Furthermore, if present indications 
prove correct, the vaginal fluid which bathes the cervix 
and vagina should become a rich source of this enzyme in 
the presence of a lower genital tract malignancy. 

Accordingly, §-glucuronidase assays were made on the 
various genital tissues and on vaginal fluid for the pur- 
pose of establishing the range of activity in histologically 
benign lesions, and in carcinoma. Tissues were weighed, 
homogenized in water, and the centrifuged homogenates 
assayed, using phenolphthalein glucuronide as substrate, 
according to the method described by Fishman, Springer, 
and Brunetti (3). Using a pipette, 0.1-ml portions of 
‘ yaginal fluid were suspended in 3 ml of distilled water 
or Tyrode’s solution. Assays were made on both uncen- 
trifuged specimens and on the centrifuged supernatants. 
Values were expressed as y of phenolphthalein liberated 
per g of tissue or ml of vaginal fluid per hr. Our results 
are tabulated. 


In the absence of pregnancy, the range of B-glucuroy;, 
dase activity in those cervices without histological ey;, 
dence of malignancy was from 23 to 330 y of pheno), 
phthalein per g tissue per hr (Table 1). The uppe 
limit of this group was significantly less than the loweg 
value for cervical carcinoma, 543 y, #299510 (Table 2), 


TABLE 1 


GLUCURONIDASE ACTIVITY 


of 
B-Glucuronidase* 
Range Average 
Benign cervix ........ 13 23-— 330 142 
Pregnant cervix ...... 8 221- 591 384 
Malignant cervix ..... 6 543-2790 1274 


* B-Glucuronidase expressed as y phenolphthalein Liberated 
per g of tissue per hr. 


A variety of clinical and pathologie diagnoses wer 
found among the benign cervices studied. Most wer 
from cervical biopsies obtained to rule out malignaney 
Others included senile vaginitis, cervieal erosion, acute 
and chronie cervicitis, and some apparently normal or. 
gans. A histologic examination of the tissue adjacent to 
the area assayed established an absence of malignancy, 
The activity of b-glucuronidase in vaginal mucosa (non. 
pregnant) was similarly low. The enzyme activity of 
pregnant cervix (at term) was higher, and there was some 


TABLE 2 


GLUCURONIDASE ACTIVITY OF UNTREATED 
CARCINOMA TISSUE 


Identification Microscopic vy of B-Glu- 
diagnosist curonidnset 
436773 Sq. ca. ex. 934 
428049 Sq. ca. ex, 2790 
159341 Sq. ca. ex. 1634 
452839 Sq. ca. ex. 847 
299510 Sq. ca. ex. 543 
45424 Sq. ca. ex. 897 
A.M.* Sq. ca. vag. 688 
A.8.* Sq. ca. vag. 680 


* Patient at another hospital. 

* Sq. ca. ex.—Squamous carcinoma of cervix; Sq. ca. vug 
—squemous carcinoma of vagina. 

t B-Glucuronidase expressed as y phenolphthalein liberate: 
per g of tissue per hr, 


overlapping with the malignant group. No explanation 
is offered at the present time for this finding. 

The malignant tissues studied are tabulated in Table 2 
The range of activity was high. Two specimens of endo- 
metrial carcinoma were assayed. These measured 11,930 
and 6,370 y. The lower of these values is within the 
range of glucuronidase activity for endometrium in 
women with normal menstrual periods (895 to 9040 y) 
(4) and both are well within the range for endometrium 
in patients with functional uterine bleeding (1,180 to 
20,050 y) (5). The activity of B-gluctronidase in normal 
ovary and in benign ovarian tumors varied greatly. It 
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«our impression that the assay for tissue glucuronidase 
will prove of more value in lower genital tract carcinoma. 

In the presence of untreated lower genital tract earei- 
noma, the vaginal secretion was uniformly high in glu- 
uronidase activity, the lower range being 477 y uncen- 


TABLE 3 


GLUCURONIDASE ACTIVITY IN VAGINAL FLUID OF 
UNTREATED CARCINOMA 


vy of B-Glucuronid 


Identifi- Microscopic 
cation diagnosist Uncentri- Centri- 
fuged fuged 
432565 Sq. ca. ex. 1458 
1368 
436773 Sq. ca. ex. 498 240 
438049 Sq. ca. cx. 477 136 
439485 Sq. ca. ex. 900 459 
436773 Sq. ca. cx. 1335 1010 
299510 Sq. ca. ex. 1412 962 
140393 Endomet. Car. 1218 493 
A.M.® Sq. ca. vag. 883 
45424 Sq. ca. ex. 1930 665 


* Patient from another hospital. 

Sq. ca. ex.—squamous carcinoma of cervix; endomet. 
car.—endometrial adenocarcinoma ; sq. ca. vag.—squnmous 
carcinoma of vagina. 

t 8-Glucuronidase expressed as y of phenolphthalein  lib- 
erated per ml of vaginal fluid per hr. 


trifuged (Table 3). It is apparent from studies on 
vaginal seeretion obtained from women with benign le- 
sions that false positive tests occurred (Table 4). These 


TABLE 4 


GLUCURONIDASE IN VAGINAL FLUID OF 
BENIGN LESIONS 


Number examined 


vy of B-Glu- 

curonidase* Uncentri- Centri- 
fuged fuged 

over 501 4 1 

301-500 3 a 

101-200 5 

51-100 11 2 

1- 50 17 19 

0 7 23 

Total 50 42 


* B-Glucuronidase expressed in a frequency toble as y of 
phenolphthalein liberated per ml of vaginal fluid per br. 


were obtained principally from patients who were preg- 
nant and from patients with a trichomonas vaginitis. 
Following irradiation therapy for genital carcinoma, the 
vaginal fluid was less active (in the absence of a recur- 
rence) than in the untreated group. This observation 
suggests the use of vaginal fluid assays as a method of 
follow-up. Results from the centrifuged supernatant 
fluid were generally lower than those of the uncentri- 
fuged specimen. Thus, it may be inferred that more 
glucuronidase activity was associated with the solid (cel- 
lular) component of the suspension. It was found that 
the eentrifuged supernatant fluid of suspensions in 


Tyrode’s solution was less active than suspensions in dis- 
tilled water. This is probably due to less laking of the 
cellular component in Tyrode’s solution. These studies 
are being continued on a larger scale. 
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The Nature of the Pigmented Sheath 
in Drosophila Tumors* 


Ernest W. Hartung and Mary-Garnett Tillinghast 


Department of Zoology, Rhode Island State College, 
Kingston 


In previous studies of tumors occurring in Drosophila 
melanogaster it has been noted that those in larvae sev- 
eral days old are surrounded by a pigmented coat, and 
appear as black, or brownish-black masses. In younger 
specimens, tumors, though present, lack the pigmented 
coat. It has been suggested by some workers (2-4) that 
the pigmented sheath is melanin, but this has not been 
substantiated by chemical tests. 

The nature of the pigment is a matter of interest for 
several reasons. First, it seems to act as a limiting bar- 
rier against the growth of the tumor mass. Second, for 
detailed eytological study of tumors, it would be of great 
value if the pigment could be inhibited or delayed. Good 
cytological pictures may be obtained now only from 
tumors in quite young larvae. 

Since melanin is the likeliest possibility in insect mate- 
rial, it was decided to test for it first, using two tests 
suggested by Cowdry (1). One is an oxidizing process 
employing KMn0O, followed by oxalie acid; the other 
involves bleaching in the presence of concentrated NaOH. 

Flies of tumorous strain ‘‘bw tu’’ were placed in half- 
pint containers, the caps of which held on their inner 
surfaces blocks of molasses agar seeded with yeast. The 
bottles were inverted and the flies could thus feed and 
deposit their eggs on the readily removable agar blocks. 
Caps were changed daily, the blocks each time being 
transferred to Petri dishes containing molasses agar 
well seeded with yeast. Here the eggs were allowed to 
hatch, and larvae to develop. Approximately 80-90 hr 
following transfer to the Petri dishes, tumerous larvae 
showed heavy deposits of pigment surrounding the neo- 
plasms, and were considered ready for examination. 

By flooding the Petri dishes with water, the larvae 
could be pipetted out and transferred to Syracuse watch 
glasses for microscopic study. Tumors were teased out 
with dissecting needles under broad field microscope and 

1The work reported here is part of a research project sup- 
ported by a grant from the Cancer Research Grants Branch, 


Division of Research Grants and Fellowships, Nationa! In- 
stitutes of Health, Bethesda, Maryland. 
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transferred by means of a fine pipette to Stender dishes 
containing either concentrated NaOH or 0.1% KMnQ,. 
At the end of 24 hr in NaOH, all tumors were found to 
be completely decolorized. This may be regarded as a 
positive reaction, since melanin is bleached by concen- 
trated NaOH. 

Tumors in KMnO, were allowed to remain for 24 hr, 
then rinsed in several changes of distilled water, and 
immersed in 0.3% oxalie acid. In all cases, after 12-24 
hr in oxalic acid no trace of the dark masses could be 
found, the pigmented sheath evidently having been com- 
pletely oxidized. This too may be regarded as a positive 
test. 

Since the results in both cases are those expected of 
melanin, it would appear that the assumptions previ- 
ously made concerning the nature of the pigment are 
correct. 
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An Internal Geiger Counter for the Assay of 
Low Specific Activity Samples of Carbon 

14 and other Weak Beta Emitters 

in Biological Samples’ 


F. E. Kelsey 


Department of Pharmacolegy, 
The University of Chicago 


The limiting factor in biological experiments with 
radioactive tracers is the great dilution of the isotope. 
Further increases in the specific activity of the isotopic 
compound are often impossible because of its limited 
availability or because of the biological effects of the 
radiations. Improvements in counting techniques offer 
the only practical solution. The procedure described 
here permits statistically valid analyses of samples hav- 
ing one-fifth or less the activity necessary for mica-win- 
dow tubes. 

The windowless Geiger tube of the continuous gas flow 
type shown in the accompanying figures (Figs. 1 and 2) 
permits the counting of all particles escaping from the 
sample. A satisfactory counting gas is a mixture of 
helium and alcohol vapor. The helium is bubbled through 
absolute ethyl alcohol kept at 0° C in an ice bath and the 
gas mixture passed through the counter. 

The counter can be successfully operated with com- 
mercially available sealing circuits. The material to be 
assayed must be spread in fairly uniform thickness on a 

‘This work was aided by grants from the Life Insurance 
Medical Research Fund, the United States Public Health 


Service, and the Dr. Wallace C. and Clara A. Abbott Me- 
morial Research Fund of the University of Chicago. 


flat surface or shallow cup within a measured area. Sam. 
ples of tissues are prepared by spreading an AQUEOY 
homogenate of the tissue on a flat copper disk of 9, 
diameter which has been cleaned with ether and oxidizg; 
in an oven at 160° C overnight. The spreading may ep, 
veniently be done while the copper disk is revolving 4 
the rate of 5 to 20 rpm on a turntable and under , 
gentle current of dry air. Samples of blood, urine, anj 
solutions or suspensions of water-soluble or insoluh 
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substances may also be spread out in this manner. The 
sample so prepared may then be inserted in the sliding 
tray and pushed into the counter. 

A simplified version of the Geiger tube can be made 
omitting the sliding arrangement for insertion of the 
sample and including a side arm for a gas outlet. Ib 
this case the sample is placed on the copper disk as usual, 
the copper disk on a flat brass plate, and the counter 
over the sample. The tube can be made relatively air- 
tight by pressing down on the glass tube or by using 
stopcock grease or wax at the junction of the glass tube 
and brass plate. Since the counting gas is always under 
a slight positive pressure, small leaks are of no impor 
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yuce. This counter may also be used for monitoring 
elatively flat surfaces such as laboratory tables for low- 
mergy beta particles. 

The plateau has less than a 4% rise per hundred volts 
yom 1350 to 1550 volts. In this laboratory, the back- 
pound of the counter shielded with 2 in. of lead is 28 
pm at 1375 volts. A 10-mg sample of barium carbonate 
he, anjfmontaining 0.0005 pe of C14 spread on a 10-em? surface, 
18oluh| Mave a counting rate of 564 epm (uncorrected) at 1375 
oits. The sensitive area available on the sample holder 
is 20 em?, The counting gas is inexpensive and readily 
byailable. The counter is simple to construct or may be 
‘ptained commercially.2. The time required for replacing 
DIAMETiifms sample and flushing the counter is less than 3 min. 


Size and Productivity in Segregating 
Generations of Tomatoes? 


R. E. Larson and Li Peng-fi 


Department of Horticulture, School of Agriculture, 
Pennsylvania State College 


Much work has been done on size of embryos and their 
relationship to plant vigor in both inbred and F, hybrid 
populations; but the authors are not aware of similar 
experimental data in segregating generations except 
Faberge’s (4) suggestion that early vigor in F, genera- 
tions may be caused solely by initial seed weight advan- 
tage. Ashby (1) postulated that hybrid vigor in F, 
tomato lines was due to the possession by the hybrid of 
a larger embryo than that of the parental strains. Luck- 
will first confirmed this (9), but later (10) found evi- 
SSior [dence to indicate that no general relationship exists be- 
tween embryo size and increased physiologic efficiency of 
F, hybrids. Other workers also have disagreed with 
Ashby’s theory (3, 5, 6, 8, 11, 18). 

Some experiments (1, 2, 7, 8, 11, 18, 14), however, have 
indicated that many F, lines showing hybrid vigor had 
larger seed or embryo size than the parental strains from 
which the hybrids were developed. Hatcher (6) has 

om shown that size of seed in tomatoes is determined to a 
great extent by the number of seeds in a fruit. Natural 
self-pollination results in greater seed set per fruit than 
ross pollinating by hand; therefore, seeds from self- 
pollination are generally smaller in size. This does not 
The Mxplain the increase in size of a portion of the F, seeds 
ding  (i.c., those produced by F, plants). Undoubtedly genetic 
control is also a factor in embryo size. 

nade If it is assumed that in certain specified F, lines large 
the [ze of seed is associated with hybrid vigor as measured 

In  ™ yields of fruit, and that such an association is carried 
yual, to the segregating F, generation, a method is suggested 
nter [— “hereby hybrid tomato seed may be produced by selection 
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of seed harvested from F, fruits. It is possible to theo- 
rize further that if no relationship exists between seed 
size in tomatoes and productivity in an F, line showing 


TABLE 1 


AVERAGE WEIGHT PER SEED IN MG 


Diameter of seed 
Generation 3000 + 2500— 2000- Mean 
3000 2500 

Rutgers 2.89 2.38 2.90 
P, Pritchard .... 3.43 3.15 2.56 3.05 
3.78 3.31 2.91 3.33 
3.69 3.01 2.29 3.00 
3.58 3.09 2.52 


considerable hybrid vigor, seed size and vigor may still 
be related in the segregating generation where trans- 
gressive segregation may occur. The first measurable 
evidence of vigor in segregating progenies might pre- 
sumably be in larger embryo or seed size. 

Preliminary results have supported these possibilities. 
The correlation coefficients computed between seed weight 
and embryo weight and between average seed diameter 
and embryo weight were 0.978 and 0.867 respectively. 
Both exceed the 1% level of significance. Average seed 
diameter has, therefore, been used as a measure of seed 
weight, which in turn was used as a measure of embryo 


TABLE 2 
EARLY AND TOTAL YIELDS IN TONS PER ACRE 


Generation and 8/ 8/ 
size of seed 9/2/48 9/30/48 

Mean of Pritchard ......... 5.9 18.1 
F,.from seed averaging 3.78 mg 7.0 20.6 ih 
F, from seed averaging 3.31 mg 6.2 \F,=6.1 20.1 | = 19.6 
F', from seed averaging 2.91 mg 5.2 18.1 
from seed averaging 3.69 mg 5.6 19.4 | 
F, from seed averaging 3.01 mg 5.9} F,=5.6 18.5 =18.7 
F, from seed averaging 2.29 mg 5.2 18.1 


Significant difference 19:1 .. 0.8 1.3 
Significant difference 99:1 .. 1.19 ten 


size. One-pound seed lots of two inbred strains of to- 
matoes, their immediate cross, and seed taken from FP, 
generation fruits were sieved through soil screens with 
spherical openings averaging 3000, 2500, and 2000 u. 
Table 1 indicates the average diameter and weight for 
each size class. 

The average deviation in seed weight within the inbred 
and F, materials was 26.5%; in the F, it was 38.0%. 
Assuming that the deviation in the F, and inbred lines 
was environmental (12), then 30% of the total variation 
in seed producing the F, progenies was due to hereditary 
factors. 

The field trials included plants grown from each seed- 
size class for each generation (P,,.P:, F,, F.). A split- 
plot design having six replications was used. Informa- 
tion was obtained on earliness, vigor of plants, size and 
shape of fruits, uniformity, and yield. Yields are of 
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primary importance and will be used to illustrate the 
preliminary results. Table 2 shows the mean yields ob- 
tained for Rutgers and Pritchard and the three seed-size 
classes producing the F, and F, generations of plants. 

The preliminary results for this specific tomato hybrid 
uppear to agree with the proposed hypothesis. It will 
be noted that the mean yield of the F, progenies, pro- 
duced from the largest seed-size class, is comparable to 
the mean yield of progenies obtained from all seed sizes 
of the immediate cross. The smallest seed-size class pro- 
ducing the F, generation was, however, lower in produc- 
tion than its two larger seed classes, possibly due to ac- 
cidental inclusion of a few self-pollinated seeds of the 
female parent, Rutgers. The fact that early yield in the 
smallest seed-size class was significantly less than in the 
other two classes also substantiates the supposition. Had 
the smallest class been comparable to the other two, the 
average total production in the F, generation progenies 
would have been 20.3 tons as compared to 19.4 for the 
largest seed class producing the F, generation progenies. 
More extensive field trials are planned for the coming 
season. 

If a measurable association can be shown to exist be- 
tween size of seed extracted from F, fruits and produc- 
tivity in the F, generation progenies, a new method of 
producing hybrid seed in volume may result. Breeders 
of pure line tomato strains may also benefit by being able 
to select for vigor by seed size, thus eliminating the grow- 
ing of considerable undesirable material. 
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Hypersensitivity in Cold-blooded 
Animals. II. Salamanders 


J. W. King and N. B. Dreyer 


College of Medicine, University of Vermont, 
Burlington 


In a study of the effect of histamine on intestinal 
smooth muscle preparations of fish, Dreyer (2) observed 
that histamine produced contractions in teleost but not 
in elasmobranch smooth muscle. In a subsequent study 
Dreyer and King (3) were able to produce anaphylaxis 
in several teleost species, using as antigens horse serum 


June 3, 1949, Vo), 


and egg albumen injected intraperitoneally, §jnj) 
studies using elasmobranch species proved to be imprag 
tical because of technical difficulties. A search was thp 
instituted for other cold-blooded animals which wo, 
show the same inability to react to histamine stimulatiy 
as elasmobranch species and be more suitable subjects ; 
which to attempt protein sensitization. 

Previous investigations using frogs as experimen 
animals have yielded results which are conflicting gy 
difficult to interpret. Friedberger and Mita (4) shock 
frogs sensitized to sheep serum and noted that 4 
shocked animals displayed a weakness and curious | 
of muscle tone. Isolated heart and other organ prepay 
tions failed to yield clear-cut results. Arloing aj 
Langeron (1) failed to note any signs of hypersensitiyit 
in their series of frogs treated with human serun 
Kritchevsky and Birger (7) used frogs in whieh tly 
blood was replaced by a colloid-free salt solution a 
noted.that*mammalian serum showed primary toxicity fy 
these animals. Goodner (6) failed to produce satisfy 
tory in vivo reactions using egg albumen and horse seruy 
as antigens but did notice in the excised heart indication 
of developing hypersensitization. Friede and Ebert (j) 
demonstrated passive anaphylaxis in frogs and in son¢ 
instances were able to produce symptoms of hypersens 
tivity in frogs actively sensitized. It is suggested that 
these widely divergent results, to which must be added 
our own negative results (3), were perhaps due to differ. 
ences in the nutrition of the various experimental aui 
mals used. In some instances, frogs which had been held 
all winter without feeding failed to react, whereas frog 
caught and used in the summer months showed irregular 
reactions that possibly might be considered significant. 

Beeause of these variations the American newt (Tr: 
turus viridescens) was selected as a closely related spe 
cies, which could be easily kept in the laboratory, ani 
which could be fed without difficulty. In vitro and in 
vivo studies of possible hypersensitization were mate 
in these animals. It was soon found that the tiny siz 
of newt organs made them unsatisfactory for kymo 
graphic studies, and later studies were carried out using 
the mudpuppy (Necturus maculosus). During the in 
vestigation, the newts were kept at room temperature 
in a closed aquarium jar, in a few inches of water with 
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n jee 
aceess to rocks. They were fed three times a week ani f 
would accept only live food, taking flies and earthworms nin} 


readily. With the coming of cold weather they ceased 
to feed, and the series, which was almost completed, wai 
discarded. The mudpuppies were kept in running wate! 
at 18° © and refused to feed when offered earthworms, 
sliced rabbit liver, or rat meal. They were well fed 0 
arrival and were all used within a month; most of the 
earlier animals sacrificed for tissue had food in the gut. 

Injections were made intraperitoneally at a point mid 
way between the front and hind legs. 
the only antigen used. This was about 10 months old 
but had been stored at —20° C without preservative. 
Sensitizing and shocking doses, which ranged from 0.05 
to 0.10 ml for the newts and 0.20 to 0.30 ml for the mud 
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ppies, were spaced at irregular intervals, never less 
an 10 days apart. 

in vitro studies were made on ‘‘Straub heart’’ or 
rips of intestine or stomach, using the usual recording 
ethods for these preparations. All chemicals used in 
le kymographice studies were made up in frog saline 
lution. 

A series of 14 American newts were injected intra- 
ritoneally with 0.05 ml of horse serum in an attempt 
) sensitize them. At the same time four other newts 
hat t ere set aside uninjected as controls and were held under 
OUS lig ditions comparable to those of the test group. All of 
Preparai . test animals were reinjected, using 0.10 ml of horse 
Ng af um; two each at intervals of 18, 23, 28, 42, 48, 55, 


j 


rimenty 
ing an 
Shockey 


isitivigll 4 65 days after the initial injection. A control animal 
_Scrung.; injected with the same dose of antigen along with 
i @l.. first four pairs of test animals injected. No demon- 
On ante able evidence of hypersensitivity was observed. Simi- 
sity f rly, the injections of the control animals produced no 
atisfad suits. Two animals died subsequent to injection, but 
Serum 


revealed evidence of trauma that could account 
‘eatiougl the deaths. Three animals received three injections 


ert (ch at irregular intervals, without reaction. 

n SOME The injection of test and control animals with 5 y of 
he istamine phosphate produced no reaction, but 10 y pro- 
od tha 


ued a transitory reaction of obvious distress. 

Muscle preparations using a section of the duodenal 
nd of the intestine were disappointing, because the small 
ize of the material rendered kymographic studies diffi- 
It. However, it appeared that in three muscle prepara- 
ions studied, histamine 10 y, epinephrine 10 y, and horse 
rum 0.2 ml produced no demonstrable effect. Barium 
hloride, 2% solution, produced significant contractions 
f the gut, showing the ability of the muscle to respond. 
Heart and stomach preparations were not studied in the 
ewt because of the technical difficulties involved. In 
iew of the results of the organ studies, it was felt that 
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= he reaction in vivo with 10 y histamine was an artifact 
Y SN BBaused by the relatively large size of the dose ad- 
inistered. 

2. Of five mudpuppies obtained, two were sacrificed, with- 
saben ut previous attempts to sensitize them, for kymographic 
wiaigudies of heart, stomach, and intestine; and three were 
k and njected intraperitoneally with 0.2 ml of horse serum. 
o-— . this produced no evident reaction, the animals were 
easei’ticcted four days later, using 0.25 ml antigen in an 
|, was fort to build up the allergic state. Again there was 
#38 lo immediate reaction, but one animal died two days 
orm?) autopsy showed blood in the abdomen, the cause 


ff which was probably the trauma of injection. The 
emaining two animals were injected again 18 days after 
he first sensitizing dose and showed no symptoms of 
hock. Five days later these animals were sacrificed for 
tudy of isolated organ preparations. 

In kymographie studies of Straub heart preparations 


3 old 

tive Mf both normal and serum-injected animals, histamine 
0.05 doses as high as 10 y and horse serum in 0.2-ml doses 
ar ailed to exert any effect on the contractility of the heart. 


Similar doses of histamine and horse serum failed to 


produce demonstrable responses when administered to 
stomach or intestinal preparations. One y of epine- 
phrine produced a marked increase in the amplitude of 
the myocardial contractions, while the same amount of 
acetylcholine depressed the contractility of the heart. 
These reactions were in agreement with those observed 
using fish Straub heart preparations (2) and our un- 
published experiments with frog preparations. 

As a result of these data it can be concluded that, 
while teleost fish have the ability to become sensitized to 


protein antigens, are able to show histamine shock, and ~ 


can show smooth muscle contractions in the preparations 
in vitro treated with histamine, the American newt and 
the mudpuppy have none of these characteristics. Acetyl- 
choline depresses the activity of frog, salamander, and 
fish heart, but seems to play no role in hypersensitization. 
It is suggested that these data be used as additional evi- 
dence of the role of histamine in anaphylaxis. 
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Inactivation of Amino Acids by 
Autoclaving? 


Robert John Evans and Helen A. Butts 


Department of Agricultural Chemistry, 
Michigan State College, East Lansing 


Recent work has shown that cystine is the only amino 
acid partially destroyed by autoclaving casein for 20 
hr at 15 lb pressure (3). Lysine, arginine, and tryp- 
tophan suffer partial destruction when casein (5) or soy 
globulin (6) is refluxed for 24 hr in a glucose solution, 
or when soybean oil meal is autoclaved for 4 hr (7). 
The amounts of aspartic acid, isoleucine, lysine, methio- 
nine, and threonine liberated by enzymatic digestion from 
casein in vitro are decreased after autoclaving (3), as 
are all of the amino acids in soybean oil meal (7). 

Evans and Butts (1) found that autoclaving causes 
two types of inactivation of lysine, one a reaction of the 
lysine with sucrose to destroy it and the other a reaction 
with protein to render it unavailable after enzymatic 
digestion in vitro. Moreover, methionine reacts with 
sucrose or glucose to form a linkage not hydrolyzed by 
enzymes in vitro (2). 


1 Published with the approval of the Director of the Michi- 
gan Agricultural Experiment Station as Journal Article No. 
1007 (new series). 
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The present investigation was carried out to study the 
mechanism of amino acid inactivation by autoclaving. 
Soybean protein,» and a mixture of 8 g of soybean 
protein and 2 g of sucrose, were autoclaved for 4 hr 


and cystine for which the oxidized peptone mediuy , 
Lyman, et al. (4) was used. 

The results are summarized in Table 1. None of 4, 
amino acids was significantly destroyed by autoclayiyg 


TABLE 1 
AMINO ACID INACTIVATION CAUSED BY AUTOCLAVING SOYBEAN PROTEIN ALONE OR WITH SUCROSE 


Acid hydrolysis Enzyme hydrolysis 


% % 

Total % Lost on prema % Lost on 

amino acid 
amino acid Lost on autoclaving Lost on autoclaving 
content 
content autoclaving with autoclaving with 

% sucrose % sucrose 
2.29 8 10 1.97 16 42 
5.75 7 6 1.04 37 34 
17.10 2 3 4.74 24 50 
0.27 9 22 0.21 14 86 
1.12 3 2 0.62 6 41 
Phenylalanine ............ 5.17 0 0 4.00 9 14 
3.28 4 1 2.14 8 15 
7.31 2 0 6.14 8 13 
5.83 0 0 4.92 8 8 


at 15 Ib pressure. Unautoclaved protein was used as a 
control. Total and available amino acid contents of the 
proteins were determined by microbiological assay after 
either acid or enzymatic digestion in vitro as described 
previously (1, 2). Leuconostoc mesenterioides P-60 was 


soybean protein alone; but when the protein was mixed 
with sucrose prior to autoclaving, over 40% of the diamin 
acids, lysine and arginine, was destroyed. This destrue 
tion was caused, apparently, by a reaction of the fre 
amino groups with sucrose, because more than 45% of 


TABLE 2 


INACTIVATION OF FREE AMINO ACIDS CAUSED BY AUTOCLAVING WITH SOYBEAN PROTEIN 
OR WITH SOYBEAN PROTEIN AND SUCROSE 


Percentage of 
added amino acid 


Percentage of 
added amino acid 


Percentage of added 
amino acid inactivated 


destroyed* inactivatedt but not destroyed We 
with with with 
+ sucrose + sucrose + sucrose 
6. 
7 45 2 50 0 5 7. 
7 56 81 75 24 19 
Aspartic Acid ............ 22 57 33 56 11 0 
2 79 7 74 5 0 
Phenylalanine ...........- 15 59 21 70 6 21 
14 46 25 52 1! 6 


* Percentage of added amino acid destroyed was calculated from the difference in recovery of amino acid from aci( 
digests of the autoclaved and unautoclaved materials. 

+ Percentage of added amino acid inactivated was calculated from the difference in recovery of amino acid from enzym 
digests in vitro of the autoclaved and unautoclaved materials. 


used for lysine, methionine, cystine, and aspartic acid 
assays; Lactobacillus arabinosus 17-5 for leucine, iso- 
leucine, valine, threonine, phenylalanine, and glutamic 
acid; Streptococcus faecalis R for histidine; and Lacto- 
bacillus casei for arginine. The media of Sauberlich and 
Baumann (8) were used for all assays except methionine 


2 “Alpha” 
Chicago. 


protein furnished by The Glidden Company, 


each of the free amino acids used, except cystine, was de 
stroyed when added to the protein-sucrose mixture before 
autoclaving (Table 2). Protein-bound cystine was als0 
partially destroyed (22%) by the treatment. 
Autoclaving the mixture of soybean protein ané 
sucrose, decreased the amounts of all amino acids liber 
ated by enzymatic digestion in vitro, some to a greate! 
extent than others. Aspartic and glutamic acids wert 
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1s0 partially inactivated when the protein was auto- Medes (4) demonstrated that a detached leaf can effi- 
ved in the absence of sucrose, possibly by a reaction ciently photosynthesize C“O, into C™“ carbohydrates. 
their free carboxyl groups with the free amino group Aronoff, Benson, Hassid, and Calvin (1) first reported a 
f lysine to give a linkage resistant to enzymatic diges- preparation of radioactive C glucose; and Putnam, 
‘on. Cystine, methionine, and histidine inactivation was Hassid, Krotkov, and Barker (6) have given detailed 
imarily eaused by a reaction with sucrose to form an instructions for preparation. However, the apparatus 
msyme-resistant linkage. As only small amounts of designs employed by these pioneer workers warrant con- 
~~ henylalanine, threonine, leucine, isoleucine, and valine siderable improvement. A simplified photosynthesis ap- 
vere inactivated, it appears that the amino acids which paratus and procedure, used to prepare C% glucose for 
¢ inactivated are those with free amino or carboxy] poliomyelitis studies, is described in this paper. 


wile yroups, or With other a¢tive groups such as the sulfur of 
h ystine and methionine, or the imidazole of histidine. 
se Representative free amino acids were added to samples 


~~~ Hf soybean protein and the protein-sucrose mixture before 
putoclaving. The results are presented in Table 2. No 
relation between the behavior of free and protein-bound 
amino acids is apparent. Except for lysine, cystine, and . 
phenylalanine, destruction accounted for practically all = 
of the inactivation. The important point is that, except = 
for cystine which is very insoluble under the conditions 2 
f autoclaving, over 45% of each of the free amino acids pt 
as destroyed when autoclaved with a mixture of soy- 
bean protein and sucrose. 

——~{ From the results of this investigation it appears that 

at least three types of reaction are involved in the in- 


mixed 

Btashins activation of amino acids by prolonged autoclaving of a 

‘ea sucrose’ containing food or feed, such as soybean oil meal. 

Lysine, aspartic, and glutamic acids combine with some 


2942$ 


7NM.OD, 2MM.ID 


5% of constituents of the protein, probably the free carboxy) 
with the free amino groups, to form enzyme-resistant 
linkages. The amino acids with free amino groups react 
with sucrose to destroy the amino acids. Protein-bound 
methionine, cystine, and histidine with sucrose form link- 


— ages resistant to enzymatie hydrolysis in vitro. a 
ed References = pa 2 8 MM.OD 
l, Evans, R. J., and Butts, H. A. J. biol. Chem., 1948. 2 
175, 15. 
laved 


Ibid. In press. 
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Fic. 1. Photosynthesis vessel. 


Improved Apparatus for Radiobiological 
Syntheses? 


Tube (T) (Fig. 1) is rinsed with water and left moist. 
A mature sweet potato leaf (petiole detached, fresh 
weight about 350 mg), which was removed from a plant 
in the light about 18 hr earlier, wet thoroughly, wrapped 
in wax paper and stored in the dark, is now arranged 


m acid 


onzym Clyde A. Dubbs 


as de 91nd Los Angeles County Hospital? tube. A 6-ml vial (V), containing 50 mg of BaC™O,. ; 
before | moistened to avoid possible scattering, is placed at the 
5 ale Radioactive natural compounds, invaluable tracers for bottom of the tube; the standard tier joint lubricated ; . 
and the photosynthesis vessel assembled as shown. The | 
and PTepared by radiobiological methods. Livingston an vessel is evacuated through stopcock (S,), 0.5 ml of 3N 
liber: abe: work was aided by a grant from the National Foun- HClO, is introduced into bulb (B) by means of a nar- 
dation for Infantile Paralysis. 
omen *Present address: General Medical Research Laboratory, row-tipped dropper, and stopcock (S,) is carefully 
were H Veterans Administration Center, Los Angeles 25, California. opened to admit the acid to the carbonate. When the 


University of Southern California Medical School, 
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acid sulution is elear and no longer effervescent, carbon 
dioxide-free air is admitted through stopcock (S,) to 
restore the internal pressure to atmospheric. Finally, 
the vessel is slipped into a stiff wire holder so adjusted 
that the vessel is disposed parallel to and 5 em from a 
40-watt fluorescent lamp. The above manipulations can 
be carried through in 7 min or less. 

After photosynthesis has continued for 24 hr, 2 CO, 
absorption vessels, each containing 10 ml of 0.05N 
Ba(OH), solution, 5% in BaCl,-5H,O, are attached as 
shown in Fig. 2. The second vessel connects with a 


CQ, ABSORPTION MARIOTTE 
VESSELS BOTTLE 


ASCARITE TUBE PHOTOSYNTHESIS 
VESSEL 


Fig. 2. CO, absorption train. 


Mariotte bottle, the outlet tube of which is lowered to ob- 
tain an air flow of about 10 ml per min through the sys- 
tem when the stopeocks are opened. After 20 min of 
aeration, excess Ba(OH), is back-titrated with standard 
HCl, using phenolphthalein indicator. Essentially no 
CO, reaches the second absorption vessel. 

It was found from seven preliminary runs with in- 

active CO, that an average of 0.27 mg CO, was assimi- 
lated per mg dry weight of sweet potato leaf in a 24-hr 
run under the described conditions. For a 10-hr run, 
52% of this amount was assimilated; for a 2-hr run, 
12%. In every 24-hr run where the amount of CO, was 
not in excess, essentially quantitative (98.8-99.6%) as- 
similation of available CO, took place. 
' A simplified procedure, based on the fractionation 
scheme of Hassid, MeCready, and Rosenfels (3), was 
used to isolate C“ glucose. The leaf was homogenized, 
filtered, and extracted 1 hr with 5 ml of 80% alcohol. 
Five ml of 1N H.SO, was added to the extract, which 
was hydrolyzed for 30 min with simultaneous elimina- 
tion of the alcohol by distillation. A small excess of 
hot 10N Ba(OH), was added, the suspension slightly 
re-acidified with H,SO, and brought to final neutrality 
with solid BaCO, After centrifuging off the residue 
and adding 300 mg of carrier glucose, the sugar solu- 
tion was concentrated under vacuum to a syrup, taken 
up in 10 ml of 95% aleohol, brought to turbidity with 
ether, and set aside for glucose crystallization. 

The extracted leaf residue was boiled 15 min with 5 
ml of acid alcohol (4 ml of concentrated H,SO, stirred 
into 500 ml of 95% alcohol), and extracted 15 min. The 
residue was then boiled 1 hr with 5 ml of water and water 
extracted 15 min. The combined aqueous starch solu- 
tions were then treated in exactly the same manner as 


described for the 80% alcohol extract, except that ac, 
hydrolysis was continued for 1 hr, and only 100 ing ¢ 
carrier glucose were needed to assure satisfactory ery. 
tallization. 

There were obtained from the starch extract 69 ng 
of crystalline glucose, 0.25 ye/mg, and from the solub} 
sugar extract 189 mg, 0.027 pe/mg.* Of the total x. 
tivity assimilated, 26% was accounted for in the stare} 
and soluble sugar extracts, 11% in the BaSO, residy 
from the alcohol extract, and 32% in the residual lea 
material. 

The sweet potato was used because of the ease of 
maintaining a continuous leaf supply for preliminary 
work. For the specific purpose of glucose preparation, 
other leaves are apparently superior. Whereas the po. 
tato leaf fixed 26% of the assimilated activity as stare) 
and soluble sugar, Aronoff et al. (using the barley seei. 
ling) report 25 to 35%, Putnam et al. (using the tobace 
leaf) apparently report 45 to 55%, and Livingston an( 
Medes (using the bean leaf) claim 90% fixation. 

Significant improvements will now be summarized: 
(1) A compact and simplified photosynthesis vessel per. 
mits considerable economy of time and effort in manipv. 
lation. (2) No special devices or leaf pretreatment ar 
necessary to preserve humidity or the water content of 
the leaf, as evidenced by the fresh turgid condition of 
the leaf after a 24-hr photosynthesis period and by th: 
essentially quantitative assimilation of a substantial 
amount of CO, during this period. (3) No special tem. 
perature control apparatus is necessary, despite the 
proximity of light source and leaf. (4) The evolution of 
CO, within the vessel is rapid yet under positive control, 
eliminating the spattering hazard. 7 

Perhaps the greatest advantage is the adaptability of 
the apparatus to subsequent fractionation procedures. 
For example, the leaf may be directly homogenized in 
the photosynthesis tube by the insertion of a rotating 
pestle, after the manner of Potter and Elvehjem (j). 
Centrifugation or, with the use of the universal micro- 
apparatus to be described elsewhere (3), filtration and 
extraction procedures are possible without transfer of 
the plant material. Any such minimization of transfer 
is highly desirable when dealing with small amounts of 
material, especially sradioactive material. 
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Comments and Communications 


Animal Experimentation in the 
District of Columbia 

On September 15, 1948, the executive committee of 
the AAAS adopted unanimously a resolution reaffirming 
its support for animal experimentation, in the interests 
of man and other species, and stating its belief that ani- 
mals for research and teaching should be provided by 
legislation or ordinance where necessary. Such legisla- 
tion has been adopted in Michigan and Minnesota, and 
ordinances of the type supported are in effect in Chicago, 
Dallas, and many other cities. Similar proposals have 
been defeated in Pennsylvania and deferred in Maryland, 
Massachusetts, and elsewhere. The campaign nationally, 
under the auspices of the National Society for Medical 
Research, for positive legislation of this sort, is at a 
stage of rather precarious dynamic equilibrium. 

In April bills were introduced in Congress to provide 
a fraction of the unclaimed impounded animals in the 
District of Columbia for teaching and research in local 
institutions inspected and licensed by the Health Depart- 
ment. At present, such animals are slaughtered. Be- 
cause Congressional action is called for, a good deal of 
national interest has been aroused, although the bills are 
District of Columbia measures. The antivivisectionists, 
at least, realize the wider significance of the measures, 
and have organized a national telegram-and-letter cam- 
paign which, together with display advertising in local 
newspapers, has resulted in a flood of communications to 
Congressmen and the District of Columbia Commission- 
ers. Sinee Senate hearings have ended, it is especially 
important that letters and telegrams of support be sent 
the Distriet of Columbia Committees of House and Sen- 
ate. The AV’s have thousands of dollars in their local 
treasuries for this campaign. 

The Committee for Health and Research, composed of 
local teachers, physicians, scientists and other friends of 
progress in medicine and related fields, have no funds 
and, since the Committee was organized only recently, 
few members. We cannot match, therefore, such efforts 
as the opposition’s national mailing to members and 
friends of the American Humane Association. Through 
the columns of Science, however, we hope to galvanize 
the silent majority (amounting, according to sampling 
of the public, to more than 90% of the American people) 
on our side. 

The Committee ask that readers of Science (1) write 
letters or send telegrams to the District of Columbia 
Commission and to the District of Columbia Committees 
of House and Senate, supporting H.R. 4349 and S. 1703; 
and (2) secure similar action by organizations of all types 
—parent-teacher associations, citizens’ groups, unions, 
faculties of educational institutions, and professional, 
seientifie and industrial bodies—of which readers are 


members. 


The Committee will be glad to furnish copies of the 
bills and other information upen request. The fate of 
H.R. 4349 and S. 1703 will affect the supply of animals 
for teaching, research and consumer testing in every com- 
munity in the United States. Quick support is essential. 

F. HeEwirt, JR. 
Executive Secretary, 
Committee for Health and Research 


Interpretation of Lindner’s Test for 
Plant Virus Diseases 


In using Lindner’s colorimetric test for the presence 
of plant virus diseases (Science, 1948, 107, 17) in a 
tissue culture of virus tumor discovered and isolated by 
L. M. Black in 1944, it became apparent that the method 
described by Lindner for virus presenee is a modification 
of the Benedict test for reducing substances. The com- 
ponents of the reagent are similar to those in Benedict 
solution—an alkaline solution of copper sulfate. Lindner 
says, ‘‘Copper sulfate seems to catalyze the formation of 
the red color.’’ Actually the copper sulfate is the re- 
agent, being reduced to cuprous exide, hence accounting 
for the red color produced. The blue-green color result- 
ing when normal, virus-free leaves were tested probably 
came from the reducing substances normally present; and 
the red color, when virus-infected leaves were tested, 
from an abnormal accumulation of reducing substances. 
In Cook’s Viruses and virus diseases of plants, there are 
conflicting reports concerning the accumulation of redue- 
ing substances in virus-infected plants. 

The interfering factor, girdling, can be accounted for, 
since it is well known that the procedure causes accumu- 
lation of carbohydrates and apparently reducing sub- 
stances above the ringed portion. 

Lindner’s interpretation of the test—that the virus 
may cause some disturbance in the phloem—can be ex- 
tended to include the idea that it also causes accumula- 
tion of reducing substances. 

The following materials were tested for the presence 
of virus disease, according to the method outlined by 
Lindner: 

AMOUNT OF RED COLOR 


MATERIAL PRODUCED 
(CUPROUS OXIDE FORMED) 
Glucose ................ +44 
Virus tumor +++ 
Agar on which tumor was 
grown ++ 
Virus-free pea leaves ................. + 


This communication does not decry the usefulness of 
the test as a detector of virus diseases, but urges that 
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when it is used, the results be interpreted in terms of 
reducing substances present. 

SALLY KELLY 
Department of Plant Science, 
Vassar College 


Note on the Chemistry of Dramamine 


In the treatment of various allergies by the antihis- 
taminie drugs which have appeared so profusely in the 
last few years, there have been observed undesirable 
side reactions, such as drowsiness, which detract from 
their usefulness. Attempts have been made with certain 
of the antihistamines to offset the drowsiness by chemical 
combination with the methyl xanthines, selected because 
of their central nervous stimulating properties. Because 
of the low ionization constants of the methyl xanthines, 
however, no stable salts were obtained. 

The chemical problem has been solved in the case of 
6-dimethylaminoethyl benzohydryl ether (Dramamine) by 


Association Affairs 


K. Lark-Horovitz, head of the Department of Physics 
and director of the Physical Laboratory at Purdue Uni- 
versity, has been elected general secretary of the AAAS 
for the term ending 1952. His election follows a brief 
period of service to complete the unexpired term of the 
late Otis W. Caldwell. 

Dr. Lark-Horovitz is best known for his researches in 
the physics of solid state and nucleonics and for his 
recent experimental investigations and theoretical inter- 
pretations of the behavior of electronic semiconductors. 
He is chairman ef the Cooperative Committee on the 
Teaching of Science for the association and was one of 
the contributors to Vol. IV of the President’s Scientific 
Research Board Report. 

The new secretary will also serve on the Publications 
Committee. 


Affiliated and Associated Societies? 
Meeting with the AAAS 
New York, December 26-31 


Nearly all of the affiliated and associated societies 
meeting with the American Association for the Advance- 
ment of Science at its 116th Annual Meeting in New 
York City, December 26-31, 1949, have reported the pre- 
liminary estimates of their session room requirements. 
The following list of individual meetings is compiled 
from the reports of the secretaries of these societies and 
sections. (The exact dates of each within the six-day 
period are tentative in only a few instances.) 

AAAS.—Presidential Session and Reception of AAAS, 
evening of Dec. 28; Symposia sponsored by AAAS, after- 

1 Notices of the dates and places of the meetings of affili- 
ated and associated societies, not meeting with the AAAS. 


appear in Science and The Scientific Monthly whenever that 
information is sent in directly to the editorial offices. 


the use of 8-chlorotheophyllin, which has a high enougt 
ionization constant to form a stable salt. 

The salt is readily made by dissolving the 8-chlorothe, 
phyllin with a slight excess of the base in any suitah; 
hot organic solvent, such as methyl ethyl ketone or eth, 
nol. On cooling, it precipitates as a nice sandy materi, 
in almost quantitative yield based on 8-chlorotheophy)liy 
mp 101-3° C, empirical formula C,,H 0,N,Cl. 


phytop’ 
of Plan 
Plant 
Amerie: 
Dec. 2 
Society 
cologic: 


Analysis: Theory % Found % ences } 
Chlorine 7.55 7.45 7.46 
Basic N 2.98 2.98 2.98 i 


meetin, 
Develo 


8-Chlorotheophyllin 45.67 45.65 45.62 


The use of this compound in preventing motion sicj 


ness was reported by Leslie N. Gay and Paul E. Carling i a 
at the meeting of the Johns Hopkins Medical Society, eiation 
February 14, 1949, and a statement was published jy Societ: 
Science, April 8, 1949. JoHN W. Cusp if Econo 
G. D. Searle and Company, Chicago tion, 1 

Philos 

29-30 

M- 

noon of Dee. 29. (Association headquarters hote), [nstri 
Statler.) Societ 
A—Mathematics.—American Mathematical Society, Secti¢ 
Dee. 27-29; Institute of Mathematical Statisties;: Nec. | 


Mathematical Association of America, Dee. 29, 30 N- 


(Mathematicians Headquarters hotel, Governor Clinton.) J Phar 
B—Physics.—Section B, Dec. 29, 30. Hono 
C—Chemistry.—Section C, Dee. 29-31. Phi Lambé Q- 

Upsilon. meet’ 
D—Astronomy.—Section D. Asso 
E—Geology and Geography.—Section E and Geological & «ili: 

Society of America, joint meeting; American Geograph J the ¢ 

ieal Society of New York; Association of American eet 

Geographers; National Geographie Society, Annual Lee J Psy¢ 


ture, afternoon of Dec. 27. Xx 


F—Zoological Sciences.—Section F; American Society 
of Parasitologists, Dee. 27-29 (ineluding demonstration: J TP 
at Columbia) ; American Society of Zoologists, Dec. 28 J Yee- 
30; Society of Systematic Zoology, Dec. 29. Zoologists’ Sig 
headquarters hotel, Statler.) tern 

FG—Zoological and Botanical Sciences.—America 2! } 


Microscopical Society, Dee. 27 and 30; American Society N 
of Limnology and Oceanography, Dec. 28-30; American 
Society of Naturalists, Dec. 30 (Bielogists’ smoker prob- 
ably Dee. 29); Beta Beta Beta Biological Fraternity, 
Dec. 28; Biometric Society, Eastern North Americar 4™ 
Region; Ecological Society of America, Dec. 27-29; 
Genetics Society of America, Dec. 28-30 (including & ° 
demonstrations at Columbia); American Society of Hu & '"# 
man Genetics; National Association of Biology Teachers, sel 
Dec. 27-30; Society for the Study of Evolution, Dee. the 
27-30, a panel discussion of ‘‘ Botany in the Service of 
Mankind. ’’ 


2 These societies also are participating in the programs of 
the Allied Social Science Association organizations which are 
meeting at the same time in the Grand Central Zone of NeW fo 
York City. me 
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Noughiim g—Botanical Sciences.—Section G, Dec. 29; American 
phytopathological Society, Dee. 27-30; American Society 
f Plant Physiologists, Dec. 27-29; American Society of 
plant Taxonomists, Dee. 27-30; Botanical Society of 
jmerica, Dee. 26-30; Mycological Society of America, 
pec. 27-30; Torrey Botanical Club; American Fern 
Society; American Bryological Society, Dec. 27-28; Phy- 
eological Society of America, Dec. 27-28. (Plant sci- 
ences headquarters hotels, MeAlpin and adjacent Mar- 
tinique. ) 

I—Psychology.—Section I, Dee. 27-28 (including joint 
meeting with Section Q); Society for Research in Child 
Development, Dee, 28-29. 

‘ K—Social and Economic Sciences.—Section K; Acad- 
urline emy of World Economics and American Economie Asso- 
let}. iation,2 joint meeting, Dec. 28; American Sociological 
ed in Society, Dee. 27-29; American Statistical Association ;? 
Cusi Econometric Society ;2 Pi Gamma Mu; Metrie Associa- 
tion, Dee. 30. 
L—History and Philosophy of Science.—Section L and 
Philosophy of Science Association, joint meeting, Dec. 
29-30. 
M—Engineering.—Joint meetings of Section M and 
hote|, (nstrument Society of America, Dec. 26; Technical 
Society Council of New York, Dee. 27; Metropolitan 
ciety, M Section of American Society of Mechanical Engineers, 
‘ies; Dec. 30. 
30. N—Medical Societies.—Section N; Subsection Np, 
ton.) # Pharmacy, Dee. 27, 28; Alpha Epsilon Delta Premedical 
Honor Society, Dec. 27; American Dietetic Association. 
nbds Q—Education.—Section Q, Dec. 27, 28 (including joint 
meeting with Section I); National Science Teachers 
Association, Dee. 27-30. Science Teaching Societies 
ical # affiliated with the AAAS, ie., ANSS, NABT, NSTA and 
aph- J the Cooperative Committee of the AAAS, will hold joint 
ican J neetings Dec. 27-29; (Science Teaching, Education and 
Lee # Psychology headquarters hotel, New Yorker). 
X—General Science Societies—-American Nature 
iety MF Study Society, Dec. 27-30 (including an all-day Field 
ions Trip, the last day); Honor Society of Phi Kappa Phi, 
28- Dec. 28, 29; National Association of Science Writers, 
sts’ Sigma Delta Epsilon, Graduate Women’s Scientific Fra- 
ternity, Dee. 28, 29; The Society of the Sigma Xi, Dec. 
ean [/ 27 including the annual address in the evening. 
ety Nearly all the Association’s 17 Sections and Sub- 
can J sections are planning strong programs (synopses of the 
ob- @ Section programs will appear in Science shortly). A 
ty, HB ‘special committee of the Executive Committee of the 
an /™ American Association for the Advancement of Science 
9; @ is arranging for the symposia in the fields of biology 
ng | *nd physical sciences. There are numerous joint meet- 
and several symposia planned by the societies them- 
rs, J selves—including one on experimental cell research, and 
¢. [ the coordinated program of the science teaching societies 
of | “conjunction with the AAAS Cooperative Committee. 

It is already apparent that the 1949 Annual Meeting 
will be one of the best balanced and most convenient in 
re me ‘he Association’s 101-year history. It has been possible, 
w @ for instance, to concentrate the zoological and medical 

meetings in the Statler and nearby Governor Clinton, 


) 
‘itable 
T etha. 
ateria) 
hy lin, 


sick 


the educational, science-teaching and psychological meet- 
ings in the New Yorker, and all of the plant sciences in 
the McAlpin and adjacent Martinique. A few societies 
such as the mathematical groups and the Ecological 
Society of America, that particularly desire academic 
classrooms, will be accommodated in Columbia Univer- 
sity (20 minutes away from the Penn Zone on the Broad- 
way-Seventh Avenue or West Side subway). 

Firms and other organizations of service to science 
have recognized that this will be one of the best at- 
tended meetings. At this time, seven months in advance, 
the following already have made definite arrangements 
to exhibit in the Penn Top of the Hotel Statler: The 
Albino Farms; American Book Company; American 
Cancer Society; American Optical Company; Appleton- 
Century-Crofts, Inc.; The Association of American Uni- 
versity Presses; Bausch and Lomb Optical Company; 
Biological Abstracts; The Blakiston Company; Bussey 
Products Company; Cambridge Instrument Company, 
Ine.; Carolina Biological Supply Company; Fred 8. 
Carver, Ine.; Central Scientific Company; Cinchona 
Products Institute, Ine.; Coreco Research Corporation ; 
Thomas Y. Crowell Company; Denoyer-Geppert Com- 
pany; International Business Machines Corporation; 
Eastman Kodak Company; Gamma Scientific Company ; 
General Biological Supply House, Inc.; Harper and 
Brothers; Jarred-Ash Company; Kahl Scientific Instru- 
ment Corporation; E. Leitz, Ine.; The Linguaphone 
Institute; J. B. Lippineott Company; The Macmillan 
Company; MeGraw-Hill Book Company, Ine.; G. & C. 
Merriam Company; The C. V. Mosby Company; National 
Geographic Society; National Spectrographie Laborator- 
ies, Inec.; New York Scientific Supply Company, Inc.; 
Nuclear Instrument and Chemical Corporation; The 
Nucleonie Corporation of America; Pfaltz and Bauer, 
Ine.; Philosophical Library; Prentice-Hall, Ine.; The 
Rayoscope; Rinehart and Company, Ine. and Murray Hill 
Books, Ine.; W. B. Saunders Company; Schwarz Labo- 
ratories, Ine.; The Squibb Institute for Medical Re- 
search; The Technicon Company; Tracerlab, Ine.; 
Ward’s Natural Science Establishment, Ine.; W. M. 
Welch Scientific Company; and John Wiley and Sons, 
Ine. 

Advance registration and hotel room reservation wil) 
begin in September. There will be coupons in Science 
for both. The New York Convention Bureau will handle 
the reservations and the hotels will send prompt con- 
firmations directly. 


The Advisory Board of the Gordon Research Con- 
ferences has elected Charles N. Frey, director of Scien- 
tific Relations of Standard Brands, Inc., and Herman 
Mark, director of the Institute of Polymer Research and 
professor of organic chemistry, Polytechnic Institute of 
Brooklyn, to the Management Committee of the confer- 
ences. The Executive Committee ef the AAAS has con- 
firmed the election. Dr. Frey and Professor Mark sueceed 
Dean Burk, National Institutes of Health, and George 
Calingaert, director of chemical research at the Ethy} 
Corporation, who will retire next September. 
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NEWS 
and Notes 


National Science Foundation. 
The Subcommittee on Publie Health, 
Science, and Commerce of the House 
of Representatives’ Committee on 
Interstate and Foreign Commerce, 
has completed its consideration of 
science foundation bills. On May 
24 the chairman, J. Perey Priest, in- 
troduced a new bill, H. R. 4846, 
which embodies the subecommittee’s 
compromises and revisions of the 
several bills it has had under con- 
sideration. 

H. R. 4846 differs in details from 
the earlier bills. The responsibilities 
of the 24-man board and of the di- 
rector are more clearly defined than 
in earlier bills. Like most of the 
earlier ones, but unlike S. 247 (the 
bill passed by the Senate),.H. R. 
4846 requires the selection of an 
executive committee of the board. 
The medical commissions are op- 
tional rather than required in both 
Senate and House bills. Throughout 
H. R. 4846 there are a number of 
changes in wording and rearrange- 
ments -of sections. These changes 
clarify the Foundation’s operations 
without altering its functions. 

The bill must next receive approval 
of the Committee on Interstate and 
Foreign Commerce. The earliest pos- 
sible date for that approval is June 
6. Then it will be ready for sched- 
uling for a vote by the House of 
Representatives. All scientists who 
are interested in the establishment of 
a National Science Foundation 
should immediately inform their Rep- 
resentatives that they want H. R. 
4846 passed promptly. 

DaEL WOLFLE 


David T. Smith, bacteriologist at 
Duke University, has been named 
president-elect of the National 
Tuberculosis Association to succeed 
-R. D. Thompson of Pasadena, Cali- 
fornia. Dr. Smith was_ recently 
awarded a $4,000 renewal grant by 
the association to continue his studies 


of chemical agents that appear to 
inhibit growth of tuberculosis germs. 


Richard H. Young, dean of the 
College of Medicine, University of 
Utah, has been appointed dean of 
Northwestern University School of 
Medicine. Dr. Young will succeed 
J. Roscoe Miller, who will become 
Northwestern’s president in July. 


Giles E. Hopkins, former director 
of applied research of the Textile 
Research Institute, has been ap- 
pointed technical director of the 
Wool Bureau, Ine. He will direct a 
continuing study of the chemical and 
physical characteristics of wool. 


Jacob Furth, director of the 
Branch Reference Laboratory, Vet- 
erans Administration Hospital at 
Dallas, Texas, has been appointed 
chief of the pathology section, Di- 
vision of Biology, Oak Ridge Na- 
tional Laboratory. 


Midwest Research Institute of 
Kansas City, Missouri, has announced 
the appointment of Max H. Thorn- 
ton as chairman of its Chemical Re- 
search Division. 


Percy Williams Bridgman, re- 
search professor of physics at Har- 
vard University, and Norman Levi 
Bowen, petrologist in the geophysi- 
eal laboratory of Carnegie Institution 
in Washington, have been elected to 
the Royal Society of Great Britain. 


Paul E. Hemke, head of the De- 
partment of Aeronautical Engineer- 
ing, Rensselaer Polytechnic Insti- 
tute, has been appointed faculty dean 
of the institute. He will succeed 
Matthew A. Hunter, who is retiring 
at the end of the college year. 


Visitors to U. S. 


W. Fliigge, French mechanical en- 
gineer, is teaching a course based on 
his book Statics and dynamics of 
shells at the Stanford School of 
Engineering. Dr. Fliigge’s wife, 
Irmgard Fliigge-Lotz, is also lec- 
turing at the school during the spring 
quarter on ‘‘Theory of Boundary 
Layer.’’ 


Visitors at the National Bureau of 


Standards during the week of May 
16-20 included: T. Bedford, chief 
chemist, Bureau of Standards, Pre- 
toria, South Africa; Lars Melander, 


radiochemist, Nobel Institute ¢, 
Physics, Stockholm ; Marcel J. Poy, 
baix, chef de travaux, University 


wildins 
eal, C 


Brussels; Dag Hartman, ¢his Nort 
radio and electronics engincer, 
yne 2 


Aireraft Company, Linkoping, Sy, 
den; A. Masson and A. §ahj, 
Société d’Electrochimie  d’Uging 
Paris; William Wild, Ministry , 
Supply, Atomie Energy Research 
tablishment, Harwell, England. 


Dominic Brachett, director of 
Cancer Institute of the University The 
Buenos Aires, is visiting the Uyj cienc 
versity of Texas Medical Brandi, jane 
Galveston, to work with W. W. Noy pil 
inski, direetor of the Neuro-Chey 
istry Laboratory, on enzyme facto ever, 
in tissue growth. ent, 
ity; 
bla 
Reiss, 
F. 
memb 
ugg 
amp 


ress 
chnol 
piniste 
chool 


Grants and Awards 


The Passano Foundation of the 
Williams and Wilkins Compan 
will present its annual $5,000 awar 
for the advancement of medical rx 
search to Oswald T. Avery, membe 
emeritus of the Rockefeller Institute 
for Medical Research. The presen 
tation will be made on June 8. Ir 
Avery, the fifth recipient of the 
award, will be honored for his class: 
fication, analysis, and investigatio 
of the immunological relationships 0 
the pneumococci. 


The 
honor 


The University of Chicago pre 
sented the first Howard Taylor 
Ricketts Award for outstanding ser 
vice to medicine on May 3, the anni 
versary of the death of Dr. Ricketts 
The medals were awarded to Lut: 
vig Hektoen, who has been chairman 
of the Department of Pathology 1 
the university and director of the 
McCormick Institute for Infectious 
Diseases, and to Russell Wilder, head 
of the Division of Medicine at the 
Mayo Clinic. 


Summer Programs 


The Second Canadian Mathe- 
matical Congress and Seminar wi! 
be held at the University of British 
Columbia, Vancouver this summer, 
the seminar August 16—Septembet 
10 and the congress September 5-10. 
Members of the American Mathe 
matical Association are invited to 
attend. Further information may 
be obtained from the Canadiav§ 
Mathematical Congress, Engineering 
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siding, MeGill University, Mon- 
eal, Canada. 


North Dakota Agricultural Col- 
e will conduct a paint short course 
mne 27-July 10. The course will 


ing, Sig 

Tecent developments in the 
d xhnology of paint and will be ad- 
istry gmpinistered by the university ’s 


of Chemical Technology. 


and, 

or of and Elections 

oem (Mi The New Orleans Academy of 
‘he Un ences, at its annual meeting at 
Branch 


lane University, New Orleans on 
\pril 29-30, elected the following 
ficers: president, L. J. Stroh- 
yer, Loyola University; vice presi- 
jent, F. R. Cagle, Tulane Univer- 
ity; secretary, W. G. Moore, Loy- 
la University; treasurer, J. K. 
of thilReiss, Tulane University; curator, 
mpang, F. Taylor, Tulane University ; 
) war members of executive council, T. L. 
Loyola University and R. 


nembe ampbell, U. S. Forest Service. 
stitute 


presen 


W. Now 
0-Chen 
facto 


The United States was doubly 
8 Drmmponored at the recent meetings of 
of International Geographical 
classifmeongress held at Lisbon, April 8-15. 
igatiogmlhe general assembly voted to hold 
hips of™he next congress, the seventh, in the 
’. 8. in 1952, thus recognizing the 
entenary of the Ameriean Geo- 
praphical Society, and elected as its 
ew president George B. Cressey, 
.@ehairman of the Department of Geog- 
ann 
sketts raphy at Syracuse University. The 
Lu brought together 330 geo- 
graphers from some 30 countries; 
egistration from organizations and 
ndividuals not in attendance brought 
the total to 706. Unfortunately, no 
lelegates were present from behind 
iron ecurtain.’’ In order to 
tress the international character of 
the union, the nine newly elected of- 
ficers were chosen from nine coun- 
tries, with representatives from both 
athe-MAsia and Latin America. The new 
| will secretary is George T. K. Kimble, of 
itish McGill University in Montreal. 
mei The private and _ professional 
Mcharacter of the International Geo- 
10. graphical Union was reaffirmed, al- 
ithe HM though in a number of countries the 
| to@dues are paid by the government. 
may Membership is through a series of 
oational committees, each appointed 
‘Ing the principal academy of science 


pre 
Taylor 


irman 
gy al 
f the 
etious 
head 
t the 


or national research council which 
serves as the adhering organization. 
The union changed its statutes to 
provide for a new voluntary basis of 
membership in which each country 
elects to join one of eight categories 
with a graduated series of 1 to 15 
units for the dues. Until the time of 
the next congress each unit has been 
fixed at $100. The former basis of 
graduated voting was abolished so 
that in administrative matters each 
national committee has an equal vote. 
The principal activities of the 
union between sessions of the con- 
gress concern the operation of a 
series of commissions, 13 of which 
were appointed at Lisbon. These 
range from problems in population, 
ports, land use, and medical geog- 
raphy to periglacial morphology, soil 
erosion, terraces, and aerial photo 

interpretation. 
B. CRESSEY 


The American Society for Phar- 
macology and Experimental Thera- 
peutics, at its Detroit meeting, April 
18-22, elected the following officers: 
president, Carl F. Schmidt, Univer- 
sity of Pennsylvania; vice presi- 
dent, John C, Krantz, Jr., Univer- 
sity of Maryland; secretary, Harvey 
B. Haag, Medical College of Vir- 
ginia; treasurer, K. K. Chen, the 
Lilly Research Laboratories; and 
councilors, Thomas C. Butler, Johns 
Hopkins University; Arthur C. De- 
Graff, New York University; and 
Robert A. Woodbury, University of 
Tennessee. 


The Society for General Micro- 
biology held a symposium on ‘‘ The 
Nature of the Bacterial Surface’’ 
at the Royal Institution in London 
on April 20-21. The _ principal 
speakers were N. W. Pirie, Rotham- 
stead Experimental Station; W. T. 
J. Morgan, the Lister Institute for 
Preventive Medicine; M. Stacey, 
Birmingham University; Peter Mit- 
chell, Biochemical Laboratory, Cam- 
bridge; T. F. Anderson, University 
of Pennsylvania; A. A. Miles, Na- 
tional Institute for Medical Re- 
search; E. T. C. Spooner, London 
School of Hygiene and Tropical 
Medicine; Harriet E, Taylor, Lab- 
oratoire de Genetique, Paris; A. 
Pijper, Pretoria University; T. Y. 


Kingma Boltjes, of Amsterdam; W. 
van Iterson amd A. L. Houwink, 
both of Delft; D. McLean, of 
Elstree; Sir Alexander Fleming and 
W. H. Hughes, both of Paddington. 

At the annual general meeting of 
the society the following officers 
were elected: president, J. W. 
McLeod; honorary treasurer, H. J. 
Bunker; and honorary secretaries, 
J. G. Davis (general) and W. E. 
van Heyningen (meetings). 


The Association of Southeastern 
Biologists elected the following 
officers at its annual meeting, April 
14-16, at the University of Tennes- 
see: president, Howard M. Phillips, 
Emory University; president-elect, 
Elon E. Byrd, University of Georgia; 
vice president, Harley B. Sherman, 
University of Florida; secretary- 
treasurer, Alvin V. Beatty, Emory 
University ; members of the executive 
committee, Bruce D. Reynolds, Uni- 
versity of Virginia and Dalton M. 
Brown, East Tennessee State Teach- 
ers College. Dr. Phillips was ap- 
pointed the association’s represen- 
tative on the Council of the AAAS. 


The 23rd National Colloid Sym- 
posium, sponsored by the Colloid Di- 
vision of the American Chemical 
Society, will be held at the Univer- 
sity of Minnesota June 6-8. The 
meeting will be devoted to discus- 
sion of five phases of colloid chem- 
istry: proteins, inorganic colloids, 
membranes, carbon blacks and solu- 
bilization, and ion exchange phe- 
nomena, 


The National Research Council and 
the Office of Naval Research will 
jointly sponsor a Symposium on 
Wood which will be held June 16—17 
at the National Academy of Sei- 
ences, One session of the meeting 
will be devoted to the requirements 
of the National Military Establish- 
ment; other sessions will cover 
mechanical, chemical, and biologi- 
eal aspects of wood; a fifth session 
will discuss marine borers. 


The Division of Physical and In- 
organic Chemistry of the American 
Chemical Society will hold a Sym- 
posium on the Solid State at the 
Mellon Institute in Pittsburgh June 
20-22. William J. Kirkpatrick 
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will be chairman of the meeting, 
and E. L. Warrick is in charge of 
housing. Both may be addressed 
in care of the Mellon Institute. 


A Symposium on Light and Liv- 
ing Organisms will be held at the 
annual meeting of the Society of 
General Physiologists at the Marine 
Biological Laboratory in Woods 
Hole, Massachusetts June 22-24. 
Further information may be ob- 
tained from Professor Arthur K. 
Parpart, Biology Department, 
Princeton University. 


Meetings and Elections 


The New England Section of the 
Optical Society of America was 
installed May 5, in Boston. Stanley 
S. Ballard, secretary for Local See- 
tions, officiated at the installation, 
and was assisted by two former OSA 
presidents, Arthur C. Hardy and 
George R. Harrison. The speech of 
the evening, ‘‘Color Translation and 
Ultraviolet Microscopy,’’ was given 
by Edwin H. Land. 

The new section, formerly the 
New England Optical Society, 
draws its membership largely from 
the greater Boston area, but meet- 
ings are also attended by scientists 
and students from Rhode Island, 
Connecticut, New Hampshire, and 
western Massachusetts. 

The newly elected officers are: 
president, Dunean E, Macdonald, 
Boston University Optical Research 
Laboratory; vice president, David 
8S. Grey, Polaroid Corporation; sec- 
retary, John T. Watson, Boston 
University Optical Research Labora- 
tory; and treasurer, Russel P. Ma- 
han, Baird Associates, Inc. 


Deaths 


Harry T. Edwards, 71, fiber spe- 
cialist, died May 6 in Washington, 
D.C. Dr. Edwards, who retired from 
the Department of Agriculture in 
1945 after 28 years of service, was 
instrumental in introducing manila 
hemp plantations into tropical Amer- 
ica in 1925. 


Philip Sidney Smith, 71, geolo- 
gist, died May 10 at St. Albans, 
Vermont. Dr. Smith joined the Geo- 


logical Survey in 1906, and retired as 
chief of the Alaskan Division in 
1946. 


John M. Cooper, 69, chairman of 
the Department of Anthropology at 
Catholie University, died May 4 of 
a heart attack at the university. 
Msgr. Cooper, author of several 
volumes on North American Indian 
tribes, was editor of the scientific 
magazine, Primitive Man, and pub- 
lications of the Catholic Anthro- 
pological Conference; the prelate 
also served on the editorial boards 
of the Journal of Social Hygiene 
and Parents’ Magazine. 


William W. Hansen, 39, physi- 
cist, died May 23 in Palo Alto, 
California. Dr. Hansen, pioneer in 
radar research and development, was 
elected to the National Academy of 
Sciences and was awarded the Lieb- 
man Memorial prize for outstand- 
ing work as a radio engineer, 


Starring will be temporarily dis- 
continued for the eighth edition of 
American Men of Science. It has 
been announced by Jaques Cattell, 
editor, that the growth and integra- 
tion of all fields of science since the 
publication of the last edition have 
made the establishment of an equit- 
able system of starring very diffi- 
eult. After consultation with the 
special Committee on Starring ap- 
pointed by the AAAS, he has de- 
cided to leave open the question of 
starring in future editions of the 
directory. 


A Guide to Russian Scientific 
Periodical Literature, published by 
the Brookhaven National Laboratory 
for the purpose of acquainting Eng- 
lish-speaking scientists with the work 
of the Soviet Union, may be obtained 
by writing to the Information and 
Publications Division Brookhaven 
National Laboratory, Upton, New 
York. The seven issues published to 
date include translations of titles of 
articles in Russian scientific journals, 
beginning with 1947 when the Rus- 
sians discontinued the printing of 
English text in their journals; trans- 
lated abstracts of papers on physics 
and nuclear science; complete trans- 
lation of significant articles in the 


field of nuclear science, such ag thy 
one on cosmic rays by A. I. Alikhap. 
yan; and listings of titles of tran, 
lated articles available at Broo. 
haven’s Central Repository fy 
Translations of Russian Scientig, 
Articles. 


Ruins of stone-and-whalebo, 
houses built by ancient Thule Ry. 
kimos on Cornwallis Island jn the 
northern Canadian Arctic Arebj. 
pelago will be explored this gun. 
mer. Henry B. Collins, Jr., and J 
P. Michea will represent respective. 
ly the sponsors of the expedition, 
the Smithsonian Institution and the 
National Museum of Canada. The 
archeologists hope by their excaya. 
tions at Resolute Bay to establish 
the relationship between the 500. 
to-800-year-old Thule culture and 
that of the Dorset Eskimos, prede. 
cessors of the Thules. The village 
sites may also reveal information 
about the migration of both groups 
eastward and northward to Green. 
land. 


Make Plans for— 


Symposium on Fine Particles 
and Resolutions, June 9-10, Stevens 
Hotel, Chicago. 


American Physical Society, semi- 
centennial meeting, June 16-18, Can- 
bridge, Massachusetts. 


Institute of Mathematical Sta- 
tistics, June 16-18, Berkeley, Cali- 
fornia. 


American Society of Medical 
Technologists, annual convention, 
June 19-23, Hotel Roanoke, Roanoke, 


Virginia. 


Mathematical Association of 
America, joint meeting with Mathe- 
matics Division, American Society 
for Engineering Education, June 
20-21, Rensselaer Polytechnic Insti- 
tute, Troy, New York. 


American Institute of Electrical 
Engineers, summer general meeting, 
June 20-24, New Ocean House, 
Swampscott, Massachusetts. 


Heat Transfer and Fluid Me- 
chanics Institute, June 22-24, Uni- 
versity of California, Berkeley. 
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